Electronic technician personnel and training needs of Iowa industries by Weede, Gary Dean
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1967




Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Education Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Weede, Gary Dean, "Electronic technician personnel and training needs of Iowa industries " (1967). Retrospective Theses and
Dissertations. 3440.
https://lib.dr.iastate.edu/rtd/3440
This dissertation has been 
microiihned exactly as received 68—2872 
WEEDE, Gary Dean, 1938-
ELECTRONIC TECHNICIAN PERSONNEL AND 
TBAINING NEEDS OF IOWA INDUSTRIES. 
Iowa State University, Ph.D., 1967 
Education, general 
University Microfilms, Inc., Ann Arbor, Michigan 
ELECTRONIC TECHNICIAN PERSONNEL Al® TRAINING 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Education 
NEEDS OF IOWA INDUSTRIES 
ty 
Gary Dean Weede 
Approved: 
Charg of Ma,jo Work 
Head of mj Dep rtment 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1967 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
Educational Consideration 1 
REVIEW OF LITERATURE 11 





General Findings 27 
DISCUSSION 88 
SUMMARY AND CONCLUSION 95 
LITERATURE CITED 100 
APPENDIX 103 
Ill 
LIST OF ILLUSTRATIONS 
Page 
Figure 1. Map of the merged areas in Iowa, 1966-67 115 
iv 
LIST OF TABLES 
Page 
Table 1. Distribution of responding industries by size and 
merged area in Iowa 28 
Table 2. Distribution of responding industries by major 
product manufactured and merged areas in Iowa 29 
Table 3- Distribution of industries by county location 30 
Table 4. Distribution of the industrial personnel who filled 
out the questionnaire 31 
Table 5- Composite of employment data obtained from the 
questionnaire 32 
Table 6. Employment of electrically trained personnel and 
total employment by size of industries 33 
Table 7* Additional electrically trained personnel and total 
employee needs by size of industries January 1, 1968 35 
Table 8. Employment of electrically trained personnel and 
total employment by major product manufactured 36 
Table 9. Additional electrically trained personnel and total 
employee needs by major product manufactured 
January 1, 1968 38 
Table 10. Employment of electrically trained personnel and 
total employees by merged area 39 
Table 11. Additional electrically trained personnel and total 
employee needs by merged area January 1, 1968 39 
Table 12. Sources of personnel who perform electronic technician 
work in Iowa industries 4l 
Table 13. Number of industries indicating each source of 
personnel who perform electronic technician work by 
merged area h2 
Table l4. Number of industries using selected terms to describe 
personnel who perform electronic technician work 43 
Table 15. Number of industries indicating use of selected terms 
to describe personnel who perform electronic technician 
work by merged area 1+3 
V 
LIST OF TABLES (Continued) 
Page 
Table 16. Terms used to describe personnel who perform 
electronic technician work 44 
Table 17. Importance of mathematics for electronic technicians 4? 
Table 18. Importance of basic principles of physics for 
electronic technicians 48 
Table 19. Importance of shop operations and related information 
for electronic technicians 49 
Table 20. Importance of technical drawing for electronic 
technicians $0 
Table 21. Importance of a-c and d-c circuits and machines for 
electronic technicians 51 
Table 22. Importance of electronic components and circuits for 
electronic technicians 52 
Table 23- Importance of use and repair of test equipment for 
electronic technicians 54 
Table 24. Importance of TV circuits for electronic technicians 55 
Table 25- Importance of data processing for electronic 
technicians 56 
Table 26. Importance of mathematics for electronic technicians 
by size of industry 57 
Table 27. Importance of basic principles of physics for electronic 
technicians by size of industry 58 
Table 28. Importance of shop operations and related information 
for electronic technicians by size of industry 59 
Table 29. Importance of technical drawing for electronic 
technicians by size of industry 60 
Table 30- Importance of a-c and d-c circuits and machines for 
electronic technicians by size of industry 6l 
Table 31. Importance of electronic components and circuits for 
electronic technicians by size of industry 62 
VI 
LIST OF TABLES (Continued) 
Page 
Table 32. Importance of use and repair of test equipment for 
electronic technicians by size of industry 64 
Table 33- Importance of mathematics for electronic technicians 
by product manufactured 66 
Table 3^. Importance of basic principles of physics for 
electronic technicians by product 69 
Table 35- Importance of shop operations and related information 
for electronic technicians by product manufactured TO 
Table 36. Importance of technical drawing for electronic 
technicians by product manufactured 71 
Table 37> Importance of a-c and d-c circuits and machines for 
electronic technicians by product manufactured 72 
Table 38. Importance of electronic components and circuits for 
electronic techncians product manufactured 7^ 
Table 39. Importance of use and repair of test equipment for 
electronic technicians by product manufactured 77 
Table 40. Importance of mathematics for electrically trained 
employees as reported by the industries 80 
Table 4l. Importance of basic principles of physics for 
electrically trained employees as reported by the 
industries 8l 
Table k 2 .  Importance of shop operations and related information 
for electrically trained employees as reported by the 
industries 82 
Table 1+3- Importance of technical drawing for electrically 
trained employees as reported by the industries 83 
Table 44. Importance of a-c and d-c circuits and machines for 
electrically trained employees as reported by the 
industries 84 
Table 45- Importance of electronic components and circuits for 
electrically trained employees as reported by the 
industries 84 
vii 
LIST OF TABLES (Continued) 
Page 
Table k6 .  Importance of use and repair of test equipment for 
electrically trained employees as reported by the 
industries 86 
Table 4?. Importance of mathematics for electronic technicians 
by merged area 117 
Table 48. Importance of basic principles of physics for electronic 
technicians by merged area ll8 
Table k9- Importance of shop operations and related information 
for electronic technicians by merged area 119 
Table 50. Importance of technical drawing for electronic 
technicians by merged area 120 
Table 51. Importance of a-c and d-c circuits and machines for elec­
tronic technicians by merged area 121 
Table 52. Importance of electronic components and circuits for 
electronic technicians merged area 122 
Table 53. Importance of use and repair of test equipment for 
electronic technicians by merged area 124 
1 
INTRODUCTION 
Throughout the history of the United States, various occupational 
developments have emerged. They have been influenced by propsperity and 
depression; wars and peacetime; science and technology; knowledge and 
inventions; social movements; and local, national, and international 
policies. Through these and other influences, the outcomes of successive 
periods of history have been increased quantities and complexity of manu­
facturing and manufactured goods. 
The general public has been educated to expect better products from 
year to year. However, these expectations may or may not be related to 
the overall picture of technological developments. For every new product, 
a production process must be developed. In order to meet competition and 
realize a profit, the production often calls for a faster and more effi­
cient procedure. 
Since the cost of labor continues to rise and the human laborer is 
limited in his output, industries are prompted to mechanize and automate 
to increase production and quality and to reduce costs. 
This cycle of events is not completed with automation replacing 
skilled and unskilled labor. Much to the contrary, automation has creacted 
new job classifications which entail keeping the automated machines in 
repair, developing improvements, and adding the improvements in the pro­
duction schedule. 
Educational Consideration 
One of the chief problems to emerge is that of obtaining qualified 
persons to perform the higher level jobs. 
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The training of these persons can either "be in the industry or hy a 
separate educational institution. Often it is a combination of "both. 
The establishment of area vocational schools in Iowa has focused 
attention on the need for research to provide data for development of 
sound curricula. Since the available specific data for Iowa have been 
little more than minimal, research on nearly any vocational-technical 
topic would be beneficial. The high rate of technological change in the 
field of electronics in Iowa, as well as in the nation, has emphasized the 
need for new and better programs in electronic technology. The purpose of 
this study was to provide data which may be used in any practical way to 
develop or improve electronic technology programs in Iowa. 
Technical needs 
Worth Barton, a production design engineer for Xerox Corporation, 
stated (3, p. 38): 
Any paper which purports to evaluate the technical manpower 
requirements of industry must necessarily be incomplete. This is 
because the basic notion of precisely what type of individual 
best fits into the profit making enterprise is an elusive and 
constantly shifting concept. Curious paradoxes are beginning to 
develop in the overall industrial phenomenon which further 
complicate the issue. 
Mr. Barton continued to exemplify his premise by pointing out that 
high speed automatic machinery has brought forth a need for an individual 
with only minimal technical training who is typically referred to as a 
machine operator. His job is one of loading, starting, stopping and 
unloading a machine. "Experience has shown that the less this individual 
ponders the complexity of his task, the more adequate his productivity 
will be." (3, p. 38) 
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On the other hand, there is a demand for the type of worker who is 
referred to as a technician. 
The term technician, as used in the generic sense, refers 
to an individual operating in a non-professional capacity whose 
main concern is the non-theoretical aspects of a technical 
product. This individual, in contrast to the operator described 
above, is expected to be intelligent, perceptive and creative. 
The technically oriented person who can fulfill these requirements 
will almost certainly be assured of a job in the coming years of 
increasingly severe job competition. (S, p. 39) 
There is no generally accepted definition for the term "technician". 
"It is applied to employees doing relatively routine work, to persons 
performing work requiring skills within a limited sphere, and to persons 
doing highly technical work, among them assistants to engineers and 
scientists." (29, p. l) 
Whenever terminology does not convey the same meaning to different 
people, communication between them is difficult, and misunderstandings 
often arise. In the case of education for technical work, this can be 
an obstacle oT" significance since development of educational programs 
relies heavily on clear communication between industries and institutions. 
Rather than arriving at a common definition, each author formulates his 
own and discusses his treatise under his own terminology. 
The importance of electronics 
In 1955 the chairman and president of Sylvania Electric Products, 
Inc., Mr. Don G. Mitchell, stated while testifying before the Subcommittee 
on Economic Stabilization of the Joint Committee on the Economic Reportj 
Automation; and Technological Change (25, p. l8l): 
k 
. . . but without question the field with the greatest 
fertility is industrial and commercial electronics. . . .So 
broad is the horizon, in fact, that the most conservative 
estimates are that the electronics industry will attain an annual 
volume of $15 billion, or perhaps more, by I960, and $20 billion 
by 1964 to. 1965 with the employment exceeding one million people. 
An industry which has doubled in the postwar years, will double 
again within the next decade. 
By 1965 the annual volume of factory sales of electronics products 
amounted to $17 billion (21, p. 256). However, in 1966 the volume sales 
increased $2 billion or over 11^ to $19 billion (22, p. 257)- This 
represented the greatest one-year dollar rise in the history of the 
electronics industry. 
Electronic "technology" 
While the general term "technician" commands little agreement in 
industry and education, various adjectives are used to precede it which 
tends to narrow the meaning somewhat. However, there is much to be 
desired in achieving accurate communication through standard definitions. 
Mr. W. M. Arnold, Director of the Area Vocational Education Branch 
of the Office of Education, discusses the issue by not referring to 
technicians but by saying (27, p. iv): 
Graduates of a technical course in electronic technology 
may work in two broad areas--the field of communications, where 
they usually specialize in radio, radar, and television; or in 
manufacturing, where they become specialists in the design, 
modification, and installation of complex electronic units used in 
controlling and activating various mechanical systems such as 
analog and digital computers, servomechanisms, missile guidance 
systems, and machine tools; in evaluating the operating 
characteristics of electronic equipment; or in performing trouble 
shooting functions to locate and correct malfunctioning of 
electronic equipment. Some' may be hired to work in a research 
laboratory engaged in experimental work for aircraft and 
missiles. At the outset, they may perform simple, functional 
tests on electronic units to become familiar with the conven­
tions, techniques, terminology, and other factors peculiar 
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to the industry and to the specific work assignment. They 
may soon test electronic units under simulated flight 
conditions, and later "be assigned to rework, modify, or adapt 
electronic units to meet specific engineering and customer 
requirements. 
This approach is, of course, from the point of view of an educator. 
From the standpoint of industry, it would not begin to adequately 
describe an electronic technician. Many of the workers who perform the 
tasks for which electronic technology graduates are prepared have 
received" no formal training. This would tend to indicate that a defini­
tion of "technician" should be in terms of performance rather than 
education. 
Predicting needs 
Whenever forecasts are made of future situations, elements of 
uncertainty exist. The interaction of dozens of variables makes hazardous 
the task of predicting. The predictions are normally used as guidelines, 
and allowances for variance are made even with the most sophisticated 
statistical techniques. 
Even though long-range predictions from extensive studies have been 
published, shorter range studies, such as this one, help to evaluate the 
accuracy of the other prediction studies and up-data the information with 
new data. 
Late in 1962, the Cleveland Institute of Electronics, a 
school for electronics technicians, sponsored a panel discussion 
among representatives of the military, industry, and technical 
schools. The purpose of the discussion was to evaluate industrial 
needs with regard to technicians and engineering aids. The panel 
was unanimous on one point; there is today, and there will be in 
the future, an acute need for trained men and women to fill the 
gap between engineers and production personnel. 
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Statistics compiled "by the National Science Foundation 
indicate that, on the average, industry wants at least three 
technicians for each engineer. At present, the ratio is closer 
to three technicians to four engineers. Engineering schools 
can produce about 35,000 graduates per year. Technical schools 
can produce approximately l6,000 graduates per year. On the 
"basis of these numbers, the current shortage of technicians 
stands at about 1.5 million with a projected shortage in 1970 
of about 2.25 million persons. (3, p. 4l) 
Another such study in 1964 reported by Wethercut (17) indicated 
there would be a 3^ increase in the number of employed technicians during 
the next decade. "Employment of new technical institute graduates, 
however, will increase five times as fast, requiring at least a 25% 
increase in the present number of technical institute graduates." 
(17, p. 112A) 
Training 
Few, if any, educational processes have ever taken place which have 
been entirely without criticism as to their absolute creditability. As a 
result of constructive criticism better programs often have been devel­
oped. 
While it is quite necessary for workers to grasp concepts, it is also 
necessary for them to take given concepts and extropolate in an extremely 
creative manner. This point was brought out by Dr. Glenn Bayem, Director 
of the Navy's Technical Recruitment Program, when he questioned the use 
of laboratory experiments for technical training (3, p. 4l-42). 
For example, it is standard practice for an individual to go 
through the common experimental setups, as usually found in 
laboratory courses, and it is postulated that such experience 
will give the technician familiarity with problems of the type 
which he may encounter on the job. But, in fact, the Navy has 
found that this type of experience does not help much when the 
individual comes face to face with an actual breakdown of 
eq_uipment. Why is it that laboratory learning does not transfer 
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over into the real working world? Is it possible that much 
laboratory experience, ostensibly for the purpose of demon­
strating basic principles, develops only the fantasy of metho­
dical ultra-simplicity? Dr. Bayem commented that a good deal 
of research is still needed in order to understand how to bal­
ance course content between the general and the specific. 
Research is needed in the area of transfer of training. For 
example, to what extent can the technician transfer and apply 
material learned about an analog system to a digital system 
or perhaps to a system not yet invented? 
Even though technical training, like other education, has met contro­
versy, the Office of Education submitted the following general conditions 
to be met in curriculum content (27, p. 30)-
1. The range of course content for preparation for the jobs 
in the cluster should be reasonable in view of the total 
time allotted to the training program. 
2. The technical content should lend itself to organized 
instruction. 
3o A substantial part of the total curriculum should be such 
that it can be mastered by a reasonably high proportion of 
students having the necessary educational backgrounds to 
benefit from the technical training provided. 
4. The psychological order of learning should be followed to 
provide spiral teaching of the subject matter. 
5. The curriculum content should include technology of the 
occupational field, applied science and applied mathe­
matics (applied to the field of work for which the training 
is provided), and other applied content such as technical 
report writing, machine design, or other areas which are 
essential to satisfactory job performance. 
6. The various areas of mathematics or science should be inte­
grated so that the application of mathematical or scientific 
principles may be presented without regard to discrete subjects. 
There are also the needs of the large organizations as well as the 
needs of the small firms. In the large companies there is a great deal 
of specialization which requires specialized technically trained personnel. 
However, in the small companies which employ only a small number of workers 
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possessing technical skills, the technicians need to be extremely versa­
tile to fit into the specified job requirements of the companies. 
It should be noted also that a broad view of electricity-electronics 
reveals changes in the content of the industry's needs as pointed out by 
Barton (3, p. 4$). 
It is not an exaggeration to say that no area of technology 
has had a more rapid or significant development than has 
electricity-electronics since the Second World War. From 
industry's point of view the most important development of this 
era has been the gradual shift of emphasis away from standard 
communications equipment such as radio receivers and trans­
mitters into a particularly exciting area which is known broadly 
as automatic control. American industry today is spending vast 
sums on the investigation of subjects such as electro-mechanical 
servo systems, fluid control devices, process control means, 
product inspection, and remote monitoring and control equipment. 
The U.S. Department of Labor's Manpower Challenge of the 1960's (30) 
reported that during the 1960's two out of five workers will be 4$ years 
or older, and by 1970 this number will be 33 million persons which will 
be 5.5 million more than 196O. A definite need for training older 
persons to keep them up-to-date with technological changes is evident. 
Even for the electronic technician whose training started early and 
has been supplemented with years of experience, the rapid advance of 
technology quickly out distances him if he terminates in-service training. 
Education and industry 
Advancement in this technological age is dependent on the 
co-ordination of training programs in education and the manpower need of 
industry. This is not just a matter of appointed advisory committees but 
a situation of greater involvement such as co-operating committees which 
do more than advise and joint apprenticeship committees which have some 
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Definitions — -
For the purpose of this study the following definitions were used. 
Technician An individual who requires specialized knowledge and/or 
experiences to perform jobs of a technical nature. 
Electronic technician An individual whose work requires a signifi­
cant degree of knowledge of electronics to complete his job requirements 
such as diagnosing, testing, inspecting, maintaining, etc. This person is 
ranked between an electrician and electrical engineer in degree of 
technical proficiency. 
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REVIEW OF LITERATURE 
Through the years many persons from the President of the United 
States down to the individual citizen have had a keen interest in the 
occupational opportunities and manpower requirements in America. 
Qualified workers and employment opportunities are of major concern since 
the future of our economy as a whole and the livelihood of individuals 
are directly affected by them. For these and other reasons, vast amounts 
of data have been collected and compiled for predicting both present and 
future manpower needs. 
The problem of predicting needs is neither small nor is it routine. 
Like any study which reports the present status or deals in future pre­
dictions, the information is out-dated by the time it comes off the press 
because there are always new data and new influences which should be 
considered. 
The difficulty does not lie in finding literature covering require­
ments on the national scale, but as the research becomes more limited to 
specific geographical areas and specific topics, the material becomes 
more scarce. However, information on local requirements often is 
necessary for smaller institutions to cope with the problem effectively 
and efficiently. 
The author has attempted to select several studies at various geo­
graphic levels and degrees of relatedness to the subject of this study. 
The review of literature includes only the more significant evidence 
compiled and does not extend the documentation to the maximum. 
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To give a rather broad overview of American industrial and occupa­
tional manpower requirements from 1964-75, the U.S. Department of Labor 
(28) summarized its recent findings as follows: 
1. With the projected growth of the labor force, the total number 
employed will increase to 88.7 million in 1975 which will be 18.3 million 
more than in 1964 for an average annual increase of I.7 million per year. 
(From i960 to 1965 the average annual increase was 1.1 million and was 
1.8 million from 1964-6$.) 
2. While all other employment is expected to increase by over 19 
million, farm employment is expected to decline by about one million. A 
moderate rate of increase of 17^ is projected for nonfarm "goods 
producing" industies such as manufacturing. This rate is somewhat 
higher than that which occurred in the 17-year period from 194-7 to 1964. 
3. There will be an increase of $4% in the requirements for pro­
fessional and technical workers. This increase is the greatest for any 
given group and will represent 4.5 million additional persons. 
4. "The major conclusion of this study, which takes into account 
every technological change in American industry that can be identified 
and makes a careful appraisal of its potential effect on employment, is 
that the overall demand for less-skilled workers will not decrease over 
this 11-year period, although it will decline somewhat as a percentage 
of the total." (28, p. 3) 
The above study also noted some of the significant implications for 
certain groups in the labor force. Among the groups were the young 
workers. 
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The young workers are concentrated in slower growing less skilled 
jobs and consequently experience high unemployment rates. Since the 
supply of young people will grow faster than the labor force as a whole, 
a more undesirable situation may result, "if we are to avoid continued 
high unemployment rates for youths, industry may have to take such steps 
as lowering the minimum age at which they hire workers for certain 
occupations, using younger workers as aids or assistants to the relatively 
more scarce mature and experienced workers, or promoting them faster to 
more-skilled jobs." (28, p. 4) Here is an open invitation to vocational-
technical education. 
The study also predicts a rapid increase, to about two million 
employees, in the manufacturing of electrical machinery, equipment, and 
supplies by 1975* This will represent about 10^ of all workers employed 
in manufacturing. 
Although the military and space efforts will still continue the 
heavy demand for their electrical needs, a more rapid increase is pre­
dicted for electrical and electronic equipment. The demand for such 
products as instruments, controls, and closed circuit television will be 
stimulated by the mechanization and automation of many industrial 
processes. 
While the number of machine operators will decrease through increased 
mechanization and instrumentation of production processes, the demand for 
skilled workers will increase. "One of the more significant technological 
innovations in this major industry group, affecting both production 
processes and product mix, has been the introduction of microminiature 
solid-state electronic components and circuitry such as integrated 
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circuits, modular circuitry, thin films, and other microelectronics." 
(28, p. 61) 
Fred Manganelli (16) conducted a study at the University of 
Connecticut concerning implication of technological developments for 
technical education programs. He found that to a large degree techno­
logical developments do not prevail in industrial practices to the extent 
that is very often indicated in many of the reports and articles which 
appear in technical journals and magazines. 
Manganelli also observed that there appeared to be a lack of under­
standing in industry of what the technician is and what his duties should 
be. Furthermore, there was not a clear understanding of what a technical 
institute was and what its program should he. 
In regard to the technical institute, Manganelli found that necessary 
revisions to the technical institute's curriculum often were not made. 
Many times this was due to lack of additional new required equipment. He 
also found that while there were standing advisory committees, they were 
not being used hy many of the technical institutes for providing assis­
tance in organizing and keeping the curriculum up-to-date to meet indus­
trial needs. 
As a result of this research, Manganelli (16) made the following 
recommendations : 
1. A definite program of continuous research in curriculum needs 
with respect to technological developments should be organized by 
technical institutes thereby making the curriculum more nearly meet the 
needs of industry. 
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2. More time should "be devoted to electronics and electronic 
controls, as this also has "become an important phase of mechanical 
technology, inasmuch as many of the machine tools are designed and equipped 
with these controls in order to perform automatically. 
Another study, "by Wooldridge (32), concerning the technician training 
needs for the state of Washington revealed that the number of technicians 
employed in manufacturing, estimated at ^,578 in I960, would increase to 
10,233 iïi 1970. The number in nonmanufacturing was estimated at 2,295 in 
i960 with a 1970 expectation of 3,119-
During the 196O-7O decade, it was expected that 7,763 employment 
opportunities and 5,001 training opportunities for technicians would 
exist in Washington. This gives an excess of 2,762 employment opportuni­
ties over the number of training opportunities. For each technician hired 
it is expected that 1.55 opportunities will exist. 
These projections by Wooldridge were made "by fitting a linear 
regression line to the average annual employment figures for the years 
from 19^7 to i960, inclusive. Since the rate of employment has normally 
been increased for technicians, the validity of a linear projection may 
be questioned. 
Prater (18), in a study of employment opportunities and training 
needs for technicians in Missouri, concluded that: 
In-service technical training is needed in most of Missouri's 
industries. Employers in these industries expect some of their 
in-service training needs to be provided by vocational-technical 
schools, area vocational schools, and junior colleges. 
The imbalance between pre-employment technical training 
programs and the technical occupations found in the State is 
sufficient to warrant considerable expansion of the technical 
curriculums in the public schools of the State. 
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The number of employment opportunities for industrial 
technicians may "be expected to exceed the number estimated in 
this study if industrial employers in the State discontinue 
using their professional personnel in a technician capacity. 
Industrial employers in the State employ a high percentage 
of their technical workers direct from technical schools. They 
also expect the schools to play a major role in retraining 
displaced workers for technical occupations. Therefore, vocational-
technical educators and school administrators face a real challenge 
from industry to accept the responsibility of assuring an adequate 
supply of technically trained workers. (l8, Abstract p. 2-3) 
Drafting technicians were the most difficult to obtain while electron­
ics technicians rated fifth. The number of electronic technicians needed 
was about one-half the number of drafting technicians needed. 
Prater also found that up-grading in the company was the number one 
source of technicians with technical schools in second place. 
Turner (24) studied a more specific phase of technical work with his 
investigation of the job requirements of personnel who work with 
electronic devices in manufacturing. He contacted 396 manufacturing firms 
and found that while 150 firms used electronic devices, only 89 employed 
personnel who were responsible for the technical operation of the devices. 
These electronic devices included electronic timing, motor and/or generator 
control, temperature regulation, combustion control, voltage and current 
regulation, and quantity measuring. 
The major duties which were performed on the above machines in the 
order of their frequency of occurrence were diagnosing trouble, adjusting, 
servicing, assembling, making repairs, installing, and maintaining. This 
indicates that the least routine duties were most frequently required of 
the technically trained personnel. 
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The equipment used most frequently when performing the above duties 
were multimeters, tube testers, oscilloscope, watt meters, and signal 
generators. While this was true in 1957, changing technology could vary 
equipment usage immensely. 
Also of interest for noting changing technical requirements was 
Turner's (24) assessment of electronic circuitry knowledge most generally 
needed by personnel working with electronic devices. These included high 
voltage power supplies, power supply regulation, control circuit oscilla­
tors, voltage discrimination modulation and demodulation, impedance and 
network matching, triggering circuits, wide band amplifiers, and linear 
and log amplifiers. 
An additional finding by Turner which can also be an indication of 
changing technological needs is the knowledge of units used most fre­
quently when working with electronic devices. Knowledge of dry disc 
rectifiers, solenoids and relays, cathode ray tubes, input and output 
devices, thyratrons, transistors, and synchros and control transformers 
were reported as being most frequently needed. 
In a closely related study conducted three years later by Brown (5), 
several contrasts to the technical needs reported by Turner (24) were 
observed. Brown concluded the following (5, Abstract p. 2-3): 
Production workers and to some extent repairmen tended to 
perform operations involving direct current more frequently than 
operations related to alternating current. 
The servicing technique of substituting new parts for 
defective parts without a test or check was frequently employed 
by respondents. 
The three most frequently performed checks made by pro­
duction workers and repairmen included checks for loose connec­
tions, open resistors, and shorted capacitors. 
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The oscilloscope was the most frequently indicated piece of 
electronic test equipment used for operations performed "by 
electronics production workers and repairmen. Of the 151 opera­
tions rated "by production workers and repairmen in terms of 
equipment used to perform the operations, 73 were performed with 
the oscilloscope, as was indicated "by the item of equipment 
found most frequently to he first choice. 
The V.T.V.M. (vacuum tube voltmeter) was the second most 
frequently used piece of electronic test equipment. 
While contrasts appear in the findings of successive studies, the 
contrasts may not completely reflect changes in technology. An indica­
tion of lack of agreement was found by Jelden (ll) in the portion of his 
study involving the knowledge requirements of electronic technicians. 
Jelden, in stating his observation said, "In view of the fact that only a 
few of the units on topics of electrical knowledge were rated the same by 
all industries participating in the study, it is apparent that some lack 
of agreement exists within the electronics manufacturing industries or 
that there was some misinterpretation of the topics of basic electrical 
knowledge that should be required of all electronic technicians." 
(ll. Abstract p. 3) 
Trego (23) made a study in which he compared job requirements of 
electronic industries with the electronic technology curriculum of 
Temple University Technical Institute. His general observation of dif­
ferences between large and smaller companies should be noted when con­
ducting similar studies. 
The small companies appeared to place less importance upon 
the specific knowledge and understanding in electronics than did 
the large companies. In the specialized areas particularly, the 
small companies expected less preparation in the way of job require­
ments for electronic technicians, when judged by their responses 
to these inventory items. There was a tendency for the smaller 
companies to rate more items as "not necessary", while the large 
companies were more likely to consider most items as "essential". 
(23, p. 61) 
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In comparing the opinions of ten selected faculty members with that 
of industry Trego found: 
The faculty raters placed greater emphasis in specialized 
knowledges and applications in electronics, particularly in the 
field of communications, than did the electronic companies, 
large and small. However faculty opinions tended to parallel 
more closely the opinions of the large companies. (23, p. 6I-62) 
Trego also found that the faculty emphasized the importance of mathe­
matics more than industrial personnel, especially in the specialized 
areas. 
The data concerning skills in electronics, "revealed a distinct 
tendency for the participating company personnel to place the desired 
level of development of specific skills in electronics in the proficient -
highly proficient classification." Furthermore, "On only one item, 
'test and repair computer circuitry', was there an appreciable difference 
in the level of proficiencies to he developed in specific skills by 
electronics technicians." (23, p. 73) 
Barlow and Schill (l and 2) conducted two separate studies concerning 
the role of mathematics and the physical science in electrical-electronic 
technology for the state of California. For the first study of mathe­
matics requirements (l) data were gathered from technical workers and 29 
mathematics instructors. Some of the recommendations from the study 
were (l, p. 15): 
1. Students planning to enroll in electronic curricula should be 
asked to demonstrate that they have mastered the fundamental 
algebraic processes. 
2. All curricula in electronics should incorporate mathematics 
through the basic trigonometric functions as a minimum require­
ment for completion. 
20 
3. Courses in electronics and mathematics designed to provide the 
necessary training to upgrade employed technical workers in 
electronics should include calculus, number theory, Boolean 
algebra, and the like. 
Three years later in 19^5 Barlow and Schill (2) studied the role of 
physical science in electrical-electronic technology. In this study, in 
addition to the technician and instructor, an expert jury consisting of 
eleven persons with a "background of electronic work above the technician 
level was used. The opinions of the three groups were compared and a rank 
order of the importance of physical science topics was derived. As might 
have been expected, the science topics most closely related to electricity 
and electronics were considered the most important. 
Specific studies for the state of Iowa are not numerous. Several 
studies give some insight into the general status of technical needs and 
education. 
Among the studies of significance is a regional study conducted by 
Donald W. Beard (^4-), Research Associate in the Area Development Department 
of Northern Natural Gas Company. Some of the findings of interest were as 
follows (4, p. 3)-
During the early i960's, less than half the demand for crafts­
men and operatives by manufacturing and related industries in the 
Northern Plains States was met by regional vocational education 
resources. Specifically, only about i+0 percent of the demand 
was met by formally trained craftsmen and operatives in I961. 
Demand for craftsmen and operatives is met in widely varying 
degrees in each of the six states studied. South Dakota and 
Nebraska annually train over 60 percent of their annual require­
ments while Iowa trains only about 27 percent of its require­
ments annually. 
Training is concentrated in a narrow range of traditional 
skills in the public and private vocational schools and in the 
Bureau of Apprenticeship and Training (BAT) program, and the 
courses offered by these resources are only partly responsive 
to the needs of regional employers. For example, surpluses or 
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high percentages of requirements are trained in occupations 
with declining employment, such as auto mechanics while occu­
pations with growing demand such as welders and skilled food 
processing and textile workers are largely neglected. 
The courses offered are not as responsive to the economic 
development needs of the Northern Plains States as they might 
be. For example, training for skilled occupations in the food 
processing industry (the region's largest exporting industry) is 
almost non-existent while training in occupations such as printers 
and various kinds of repairmen (which have little impact on the 
area's economic development) meets a high percentage of demand. 
The states' public support of vocational education, in effect, 
subsidizes some industries and not others but without much 
apparent co-ordination of investment in vocational education 
with economic development needs and objectives. 
Expenditure per capita on all vocational education in the 
Northern Plains is slightly above the United States average. 
However, expenditure per student enrolled in trade and industry 
training programs is 25 percent below the national average. 
Another study specifically for Iowa was conducted by Maki (l4). He 
found that technological progress had increased Iowa's manufacturing out­
put more than three percent per year. 
Jakubauskas, in summarizing the report. Job Opportunities for Iowa's 
Youth (9), posed two problems which lowans must face and resolve (9, p. 6): 
1, Will a sufficient number of jobs be available? 
2. Will lowans be adequately prepared by formal training to compete 
for the increasingly complex and high level jobs offered by our 
future economy? 
In summary it can be said that research has indicated that the outlook 
for employment of electronic technicians is favorable. Concern has been 
expressed as to the sources and number of electronic technicians which 
would be available in the near future. The comparitively wide scope of 
and the areas of specialization in electronic technology have caused some 
confusion and differing opinions as to the specific training requirements' 
for electronic technicians. The lack of available research on the state 
and local levels pointed out the need for further study. 
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METHOD OF PROCEDURE 
Introduction 
The development of the area vocational school concept in Iowa has 
emphasized the need for research and information which can be used to 
develop valid curriculums in the various technical areas. Through dis­
cussion with persons most closely associated with vocational education in 
the State Department of Public Instruction and at Iowa State University, 
it was established that this study should be in the field of electronics. 
While other topics were also in need of study, this was thought the most 
pressing. Due to the size of an all inclusive study of electronic techni­
cian needs, the study was limited to manufacturing and processing indus­
tries in Iowa. 
Funding 
The proposal, stating the objectives, preliminary findings, method 
of procedure, and budget necessary for the study, was submitted to the 
Iowa Department of Public Instruction Division of Vocational Education 
State Committee for Research Demonstrations and Experiments in May, 1966. 
The committee approved the proposal and allocated the funds to cover the 
expenses. 
Procedure 
Shortly after the project was approved, a graduate assistant, 
Mr. Noel Godfrey, was employed for two and one-half months to aid in the 
preliminary steps of review of literature and preparation of the question­
naire. This enabled the study to be more comprehensive in its early stages 
23 
of development. 
To obtain the most valuable results the study was developed with the 
cooperation of those persons to whom it would be of most interest and 
those whom the study most depended upon for its information—vocational-
technical teachers and industrial personnel. The first step toward this 
was an attempt to contact as many persons as possible who were directly 
associated with electronic technology programs in operation in the state 
of Iowa. With the comments, cautions, and encouragement of these persons 
the study began in earnest. 
The population was established within workable limits with the most 
valuable assistance of Mr. Donald W. Beard of the Northern National Gas 
Company of Omaha, Nebraska. Due to the number of industries involved, it 
was determined that the population should be limited to all the manufac­
turing and processing industries in Iowa which employed over 50 persons 
and, in addition, the electrical and electronic manufacturers and pre­
cision instrument manufacturers from the smallest to 50 employees. 
The list of industries was furnished by Northern Natural Gas Company. 
It included the sizes of the companies by catagories and the person in 
charge (president, owner, plant manager, etc.) to whom the first mailing 
was directed. 
The author realized from the beginning of the study that all manu­
facturers would not necessarily have need for an electronic technician 
type of employee. Therefore, to eliminate these companies as early in 
the study as possible, a simple, double postal card questionnaire was 
prepared to determine which companies in the population selected the study 
would apply to (Appendix). 
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From discussions with persons in the field of electronics the author 
felt that if the study immediately eliminated the position of electricians 
and electrical engineers, the value of the study might have "been severely 
limited. The reason for this was that while companies employed persons who 
apparently had skills normally considered to be peculiar to a technician, 
the company did not have such a job classification. However, they could 
have had job classifications of electricians, electrical engineers and 
other jobs indicating need for electrical and electronic training. 
At the same time that the postal card survey was being developed, 
material was also being gathered for the main questionnaire. After 
numerous discussions with technical education administrators and industrial 
personnel and after review of previous related questionnaire studies, a 
rough draft of the questionnaire was developed. 
Appointments were scheduled with sixteen industries in Iowa selected 
by geographic areas and their likeliness of being an employer of tech­
nically trained electrical personnel. 
In these interviews the person or persons being interviewed were 
asked questions concerning the increasing of the cooperation of indus­
tries. They were also asked to review the rough draft of the postal card 
questionnaire and the main questionnaire. Their comments and suggestions 
were used to develop the final instruments. This contributed a great deal 
to the success of the study. 
The final form of the double postal card questionnaire was mailed to 
678 manufacutrers and processors which employed a total of over l60,000 
persons. 
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At the end of three weeks the return was 43.9^. A follow-up postal 
card increased the return to 426 which was 62.8%. 
The inclusion of industries in the main questionnaire was based on 
their answers to the question, "in the next five years, will you employ 
electrically trained personnel?" Those who answered, "Yes," or 
"Possibly," received the second questionnaire. The total was 231. 
The main questionnaire was in two separate parts (Appendix). The 
check list was used in the first part to establish the importance of 
topics which might be needed by electrically trained persons in each 
company. Topics included were: l) a-c and d-c circuits and machines, 
2) electronic components and circuits, 3) use and repair of test equip­
ment, 4) TV circuits, 5) data processing, 6) technical mathematics, 
7) basic principles of physics, 8) technical drawing, and 9) shop opera­
tions and related information. 
P&,rt two of the questionnaire was primarily for gathering information 
about the company itself. Included here were the company's products, 
employment data, and terminology used in the company. 
The first mailing of the questionnaire netted a return of 5^.5%. 
The first follow-up brought the total to 83.5% (Appendix). A second 
follow-up with individual letters raised the total to 207 (89.6%) at the 
end of ten weeks (Appendix). 
Each industry was asked to fill out and return the questionnaire or 
return it blank if the questionnaire did not apply. One hundred twenty-
eight made some attempt to complete the questionnaire. Thirteen were 
discarded, ten because of being incomplete or ruined and three because the 
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industries were not in manufacturing or processing. The 115 remaining 
included all hut four of the manufacturers and processors in Iowa 
employing over 1,000 persons. The original mailing list included 2h 
firms each employing over 1,000 persons. 
To help the author to become more familiar with the industries, 
representatives from the 11 industries which reported employing ten or 
more electronic technicians were interviewed. 
Questions were asked which generally related to the availability of 
electrically trained persons, their familiarity and impressions of cur­
rent vocational and technical programs, and their observations of trends 
which might influence future technical education programs. 
The companies interviewed employed 1,118 of the 1,274 electronic 
technicians employed hy the industries that returned a completed question­
naire . 
Data taken from the questionnaires were coded and placed on IBM 
punched cards for the IBM 360/50 machine at the Computer Center at Iowa 
State University. The data were sorted and tabulated for presentation 
in the most usable manner. 
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FINDINGS 
The purpose of this study was to determine Iowa's industries' needs 
for specially trained persons in the field of electronics. The findings 
are given in four divisions to fulfill the objectives of the study. The 
divisions are: l) information about respondents, 2) number of electrically 
trained personnel needed by industries, 3) sources of electrically trained 
personnel, and 4) training requirements of the industries. 
The element common to all respondents was that the industries were 
considered to be manufacturers. Beyond this there was considerable 
diversity in their characteristics. 
General Findings 
General findings concerning respondents 
Of the 115 industries which were included in the final tally, 76.5% 
indicated a positive response on the initial postal card survey, and the 
other 23.5% gave a "possible" response when asked if they would employ 
electrically trained persons in the next five years. 
The industries included in the final tally reported a total employ­
ment of 99,0^5 persons. This number represented about 60% of the employees 
in the original population. 
Data indicating the area and size distribution of the industries 
participating in the study are presented in Talbe 1. Although the cate­
gory of 101 to 250 employees had the largest number of industries, the 
majority of the total employees were in industries employing over 1,000 
persons. Each area had at least one industry located within its 
boundaries as is indicated by the totals. However, 47.8% of the industries 
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Table 1. Distribution of responding industries by size and merged 
area in Iowa 
Size by Numbers 
of Employees I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI Total 
1-10 2 1 3 
11-25 1 1 2 
26-50 1 1 2 2 6 
51-100 1 1 1 2 2 2 1 1 11 
101-250 2 1+ 1 1 2 2 2 2 3 8 1 1 2 3 34 
251-500 1 1 U 2 1 6 2 1 1 1 20 
501-1000 1 1 1 2 k 1 5 2 2 19 
over 1000 1 4 1 3 2 5 2 2 20 
Total 3 7 2 2 8 6 7 5 18 12 25 3 2 1 5 9 115 
were located in areas^ IX, X, and XI (Appendix). 
Data presented in Table 2 gives the distribution of the industries in 
each of the merged areas by the major product manufactured. The two digit 
Standard Industrial Classification Code was used to classify the products. 
Just over 60% of the industries manufactured products in three product 
classifications: food and kindred products; machinery except electrical; 
and electrical machinery, equipment, and supplies. These three groups 
were fairly well represented in the various areas with the exception of 
areas III and XIV which each had only one industry in the three large 
product classifications. 
^Areas refer to those established under Senate File 550 of the 6lst 
General Assembly. 
Table 2. Distribution of responding industries by major product manufactured and merged areas 
in Iowa 
SIC Product 
Number Classification I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI Total 
19 Ordnance and Accessories 1 12 
20 Food and Kindred Products 12 1112 4 3 3 1 1 20 
24 Lumber and Wood Products 12 3 
25 Furniture and Fixtures 1 1 
26 Paper and Allied Products 1 1 
27 Printing, Publishing and 
Allied Industries 3 3 
28 Chemicals and Allied Products 1 2 1 1 5 
30 Rubber and Misc. Plastics ^ 
Products 2 2 
32 Stone, Clay, and Glass 
Products 23 1 1 18 
33 Primary Metal Industries 2 2 
34 Fabricated Metal Products 3 2 2 1 1 9 
35 Machinery Except Electrical 12 1 4 1 3 4 7 112 27 
36 Electrical Machinery, Equip­
ment, and Supplies 11 11 11352 1 15 23 
38 Professional, Scientific, 
and Controlling Instruments 112 1 5 
39 Miscellaneous Manufacturing 
Industries 112 4 
Total 372 2 8 6 7  5 1812 25 3 2159 115 
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A more specific breakdown of the locations of industries "by counties 
is presented in Table 3. Polk County with 19 industries had the largest 
number of industries followed by Scott County with 11, Linn County with 9, 
and Des Moines County with 8. These figures indicated that 40.8% of the 
industries which supplied information for the study were located in four 
percent of the counties in Iowa. 
Table 3- Distribution of industries by county location 
County Number of Industries 
3 Allamakee 1 
4 Appanoose 1 
7 Black Hawk 6 
9 Bremer 1 
11 Buena Vista 1 
17 Cerro Gordo 4 
22 Clayton 1 
23 Clinton 3 
29 Des Moines 8 
30 Dickinson 1 
31 Dubuque 5 
3h Floyd 1 
35 Franklin 1 
41^ Henry 1 
45 Howard 1 
46 Humbolt 1 
50 Jasper 2 
52 Johnson 2 
55 Kossuth 1 
57 Linn 9 
62 Mahaska 2 
6k Marshall 5 
70 Muscatine 4 
71 O'Brien 1 
73 Page 1 
77 Polk 19 
78 Pottawattamie 1 
82 Scott 11 
84 Sioux 1 
85 Story 3 
86 Tama 1 
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Table 3 (Continued) 
County Number of Industries 
88 Union 1 
90 Wapello 2 
91 Warren 1 
92 Washington 1 
94 Webster 6 
95 Winnebago 1 
97 Woodbury 3 
Total 115 
One other analysis of the respondents was the position of the person 
who answered the questionnaire. This information is presented in Table 4. 
Table k. Distribution of the industrial personnel who filled out the 
questionnaire 
Job or Position Number 
Engineering and Electrical 
Supervision k-S 
Plant Managers, Superintendents, 
Supervisors, and Directors 
of Production 38 
Maintenance 11 
Owners, Presidents, and 
Vice Presidents 7 
Personnel, Sales, and Training 6 
Mechanical Supervision 4 
Total 115 
32 
WuBierical employment findings 
An attempt was made to determine the number of persons engaged in 
electrical and electronic work at different time periods and what the 
needs might be in the future. This data are presented in Table 5* 
















Electronics Technician 1,013 1,274 205 544^ 
Electricians 838 939 161 352^ 
Electrical Engineers 670 757 79 376"^  
Other Electrically 
trained Personnel 260 338 38 165C 
Total Employees 88,363 99,045 6,180 10,339^ 
II G
 
^All industries in the study were not able to provide this 
information. 
out of 115 industries answered. 
^96 out of 115 industries answered. 
*^61 out of 115 industries answered. 
The employees needing electrical and electronic training were 
designated as "electronic technicians", "electricians", "electrical 
engineers", and "other electrically trained personnel". The largest group 
of employees was electronic technicians followed by electricians and 
electrical engineers. The category of other electrically trained per­
sonnel included workers who needed specialized training in a certain area 
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to perform, tasks which did not require a broad electrical background. 
The 115 industries in the study reported that 205 electronic tech­
nicians were needed by January 1, 1968. Because of the many factors which 
can influence production some industries could not estimate their needs 
in the next five years. A number of those industries which did make an 
estimate commented on the difficulty in doing so. Ninety-four of the 115 
industries reported that 5^^ electronic technicians were needed by 
January 1, 1972. 
The data in Table 6 indicates that there was a proportionally greater 
need for electrically trained personnel than over-all employment needs. 
The number of additional electricians needed January 1, I968, as a per­
centage of those employed January 1, I967, was YJ.Vjo. The corresponding 
percentages for the other electrically trained employees were: electronic 
technicians, 16.1%; other electrically trained personnel, 11.2%; and 
electrical engineers, 10.h%. For all employees in the reporting indus­
tries the percentage was 6.2%. 
Table 6. Employment of electrically trained personnel and total employ­
ment by size of industries 
Size Electronic , . . Electrical Other Total 
EXS C "tlT ic i3»Il by number Technician Engineer Electrically Employees 
of Employees Trained 
Personnel 
1-10 11 4 4 3 24 
11-25 0 1 0 4 4l 
26-50 12 2 5 4 243 
51-100 6 li4 8 35 1,863 
101-250 43 95 18 80 8,653 
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251-500 34 137 36 43 9,486 
501-1000 111 59 46 70 13,893 
over 1000 1,057 527 640 99 64,847 
Total 1,274 939 757 338 99,045 
Data in Tables 6 and 7 give a more detailed view of present employment 
and needs by size of the industries. Table 6 data show that a large 
majority of the electronic technicians, electrical engineers, and total 
employees were in industries employing over 1,000 persons- A majority of 
the electricians were also in this size group while other electrically 
trained personnel were more scattered in the size groups down to the 51 to 
100 groups. 
The responding industries indicated that of the electrically trained 
personnel, electronic technicians were in greatest demand. Fifty-eight 
and one-half percent of those technicians were needed in industries 
employing over 1,000 persons. It was interesting to note that while the 
industries which employed over 1,000 persons employed two-thirds of the 
total employees, they indicated in Table 7 that their total additional 
needs were only about one-third of the total additional needs of all the 
industries. On the other hand, the industries in the 251 to 500 employee 
size group employed only about ten percent of the total employees and 
needed about one-third of the total additional employees required. 
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Table 7* Additional electrically trained personnel and total employee 














1-10 9 2 2 2 15 
11-25 0 0 0 1 7 
26-50 7 2 2 1 22 
51-100 3 2k 2 3 323 
101-250 18 18 7 3 39lt 
251-500 12 kk 11 8 2,132 
501-1000 36 25 13 10 990 
over 1000 120 37 k2 10 2,297 
Total 205 161 79 38 6,180 
When the employment data are viewed in Table 8 it can be seen that 
the "electrical machinery, equipment, and supplies" manufacturers employed 
the most electronic technicians although they did not employ as great a 
number of employees as the industries in the "machinery except electrical" 
product classification. The "machinery except electrical" group employed 
only 26 electronic technicians ; however, as a group they employed 2^-1 
electricians which was the most reported for all product groups. Also 
the industries in the fourth largest product classification, "food and 
kindred products", with 19,978 employees, reported they employed no 
electronic technicians but did employ 15^+ electricians. All but 
seven of the 1,274 electronic technicians were found in six product classi­
fications, namely l) electrical machinery, equipment, and supplies; 













19 Ordnance and Accessories 20 6k 8 70 5,062 
20 
1 
Food and Kindred Products 0 154 10 66 19,978 
2k Lumber and Wood Products 2 8 1 3 648 
25 Furniture and Fixtures 0 1 1 1 600 
26 Paper and Allied Products 0 3 0 0 175 
27 Printing, Publishing, and 
Allied Industries 0 19 0 8 2,683 
28 Chemical and Allied Products 12 54 7 7 2,700 
30 Rubber and Misc. Plastics 
Products 0 47 4 13 3,800 
32 Stone, Clay, and Glass Products k 32 4 25 1,633 
33 Primary Metal Industries 0 121 15 0 4,000 
34 Fabricated Metal Products 28 10 9 31 2,818 
35 Machinery Except Electrical 26 241 12 68 28,198 
36 Electrical Machinery, Equipment 
and Supplies 1,108 l4o 649 32 23,093 
38 Professional, Scientific, and 
Controlling Instruments 73 8 35 5 2,706 
39 Miscellaneous Manufacturing 
Industries 1 37 2 9 951 
Total 1,274 939 757 338 99,045 
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2) professional, scientific, and controlling instruments; 3) fabricated 
metal products; 4) machinery except electrical; 5) ordnance and acces­
sories; and 6) chemical and allied products. 
The employment of electricians in the responding industries was more 
evenly distributed with the largest number of electricians, 2^+1 (2$.7%), 
in the product classification of machinery except electrical. In total 
employment three product classifications employed a total of 71,26$ (72.0%) 
employees. The product classifications with the number of employees were: 
l) machinery except electrical, 28,198; electrical machinery, equipment, 
and supplies, 23,093; and food and kindred products, 19,978. 
As might have been expected, the greatest additional need for 
•electronic technicians, 83.4^ of the 205 reported, was in the electrical 
machinery, equipment, and supplies product classification as is presented 
in Table 9- For the same classification was reported the greatest total 
of employees needed. 
The data in Tables 10 and 11 present a view of current employment 
and needs for electrically trained personnel by merged areas. Area X 
industries employed nearly 75% of the electronic technicians in Iowa and 
approximately 80% of the electrical engineers. At the same time areas 
IX and XI together employed over 50% of the electricians reported in the 
study. 
At the other end of the scale the three responding industries in 
areas III and XIV reported as a group that they employed no technicians or 
electrical engineers and only five electricians. 
Table 9- Additional electrically trained personnel and total employee needs by major product 












19 Ordnance and Accessories 3 13 1 0 999 
20 Food and Kindred Products 0 22 2 7 510 
24 Lumber and Wood Products 1 2 0 0 52 
25 Furniture and Fixtures 0 1 0 1 100 
26 Paper and Allied Products 0 0 0 0 0 
27 Printing, Publishing, and 
Allied Industries 0 3 0 2 50 
28 Chemical and Allied Products 1 16 2 1 335 
30 Rubber and Misc. Plastics 
Products 0 2 0 2 0 
32 Stone, Clay, and Glass Products 0 3 2 1 0 
33 Primary Metal Products 0 16 3 0 999 
34 Fabricated Metal Products 5 3 4 3 160 
35 Machinery Except Electrical 14 38 9 i4 908 
36 Electrical Machinery, Equipment, 
and Supplies 171 34 46 6 1,677 
38 Professional, Scientific, and 
Controlling Instruments 8 1 10 1 241 
39 Miscellaneous lY^nufacturing 
Industries 2 7 0 0 149 
Total 205 161 79 38 6,180 
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Table 10. Employment of electrically trained personnel and total 












I 4 2 3 5 355 
II 12 hi 4 7 4,688 
III 0 k 0 5 734 
IV 4 1 1 0 805 
V 2 18 3 31 2,413 
VI 7 8 6 7 2,140 
VII 5 131 3 81 16,862 
VIII 2 6k 6 8 5,430 
IX 113 250 69 36 13,886 
X 952 57 6o4 0 19,024 
XI 19 232 22 131 16,954 
XII 53 13 7 2 2,000 
XIII 8 1 2 0 184 
XIV 0 1 0 5 65 
XV 9 34 4 13 5,585 
XVI 81+ 76 43 7 7,920 
Total 1,274 939 757 338 99,045 
Table 11. Additional electrically trained personnel and total employee 
needs by merged area January 1, 1968 
Electronic ^ , . . Electrical Other Total 
Area Technician e ^ a Engineer Electrically Employees 
Trained 
Personnel 
I 0 3 0 1 40 
II 0 6 2 0 ' 250 
III 0 1 0 1 116 
IV 0 1 0 0 0 
V 2 5 0 1 162 
VI 2 2 2 0 8 
VII 5 22 3 3 370 
VIII 1 2 0 0 80 
IX 9 49 16 10 1,613 
X 121 12 36 0 1,147 
XI 8 33 6 17 353 
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Table 11 (Continued) 
Electronic g]_ectrician Electrical Other Total 
Area Technician ^ ^ Engineer Electrically Employees 
Trained 
Personnel 
XII 32 3 1 1 500 
XIII 7 110 7 
XIV 0 0 0 0 0 
XV 6 10 4 3 150 
XVI 11 8 1 1,384 
Total 205 161 79 38 6,180 
Total employee data indicate another high concentration in a small 
number of areas with two-thirds of the total employees in four areas: 
area X, 19,024; area XI, 16,954; area VII, 16,862; and area IX, 13,886. 
The general tendencies indicated by the data in Table 10 are also 
reflected by the data in Table 11 which shows the number of additional 
electronic technicians needed in one year in the responding industries by 
merged area. The greatest need for electronic technicians was in area X 
which constituted 59% of the total additional needed by January 1, 1968. 
All of the industries in five areas (l, II, III, IV, and XIV) 
reported that no electronic technicians would be needed in one year. 
Sixty-one percent of the total additional employees were needed in 
just three areas: IX, X, and XVI. Industries in areas VII and XI indi­
cated a somewhat lower total need in proportion to the number of workers 
employed at the time of the survey. 
The industries reported an immediate need of 202 electrical personnel 
and 66 non-electrical personnel. 
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Source of electronic technicians 
The industries answering the questionnaire were asked to indicate 
sources of personnel who perform electronic technician work. As seen in 
Table 12, the category of In-company training programs was the most 
frequently checked source of workers with 83.5% responding positively. 
Table 13 data shows this to be true in all areas. 
Table 12. Sources of personnel who perform electronic technician work in 
Iowa industries 
Source Yes No Total 
In-Company Training Programs 96 (83.5#) 19 (16.5%) 115 (100%) 
Technical School 69 (60.0#) 46 (30.0#) 115 (100%) 
Other Companies 6h (55.6#) 51 (44.4%) 115 (100%) 
Military Service 48 (41.7%) 67 (58.3%) 115 (100%) 
Other Sources 12 (lO.hfo) 103 (89.6%) 115 (100%) 
Upgrade Employee 3 
Job Applicants 2 
Universities 2 
Apprenticeship 1 
Community College 1 
Employment Service 1 
TV Service 1 
Any Place 1 
k2 
Table 13. Number of industries indicating each source of personnel who 
perform electronic technician work by merged area 
In-Company Technical other Military Other 
Area N Training 
Programs 
School Companies Service Sources 
I 3 2 1 2 1 0 
II 7 6 6 1+ 2 0 
III 2 2 1 1 2 1 
IV 2 2 0 1 1 0 
V 8 5 2 3 4 0 
VI 6 5 1+ 3 3 0 
VII 7 6 5 3 2 2 
VIII 5 4 3 2 3 0 
IX 18 16 11 15 8 2 
X 12 10 7 9 6 1 
XI 25 22 17- 13 10 3 
XII 3 3 2 0 1 1 
XIII 2 1 2 1 2 0 
XIV 1 1 0 1 0 0 
XV 5 3 1 2 0 2 
XVI 9 8 7 4 3 0 
Total 115 96 69 6h 48 12 
Technical schools were indicated as a source of personnel by GO.OPjo 
of the industries. Other companies, military service, and other sources 
respectively completed the listing of sources. The write-in responses 
are also presented in Table 12. Several industries wrote on the question­
naire that they could not find any qualified personnel. 
Terms used to describe personnel doing electronic technician work 
As was brought out in the review of literature, the term technician 
is a rather nebulous term which has caused much confusion. In this study 
the industries were asked to indicate the terms used to describe the 
personnel in their establishments who perform the work which was classed 
as technician type. The findings are presented in Tables l4, 15, and l6. 
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Table l4. Number of industries using selected terms to describe 
personnel who perform electronic technician work 
Term Used Yes No Total 
Electrician - - 59 (51.3#) 56 (48.7#) 115 (100#) 
Non-Electrical Terms 57 (49.5#) 58 (50.5#) 115 (100#) 
Technician 43 (37.7#) 72 (62.3#) 115 (100#) 
Electrical Engineer 15 (13.0#) 100 (87.0#) 115 (100#) 
Other Electrical Terms 15 (13.0#) 100 (87.0#) 115 (100#) 
Table 15. Number of industries indicating use of selected terms to 
describe personnel who perform electronic technician work by 
merged area 










I 3 0 2 1 1 0 
II 7 6 5 3 0 1 
III 2 1 1 0 0 0 
IV 2 1 1 1 1 0 
V 8 6 4 2 1 1 
VI 6 3 5 2 1 0 
VII 7 3 2 2 1 3 
VIII 5 3 2 2 1 0 
IX 18 9 10 6 1 0 
X 12 7 0 6 2 2 
XI 25 10 15 7 2 4 
XII 3 0 3 2 0 0 
XIII 2 1 1 2 1 0 
XIV 1 1 0 0 0 0 
XV 5 4 2 1 2 2 
XVI 9 4 4 6 1 2 
Total 115 59 57 43 15 15 
hk 
Table l6. Terms used to describe personnel who perform electronic 
technician work (Note ; The number at the right of various 
terms indicates the number of industries which use the term 
as a primary term to describe personnel who perform the jobs 
which require the skills listed in the questionnaire) 
Term used 
Technician (13) 
Technician, calibration test (l) 
Technician, electrical (4) 
Technician, electrical circuit 
Technician, electronic (13) 
Technician, engineering (2) 
Technician, experimental engineering (l) 
Technician, instrument (l) 
Technician, laboratory (6) 
Technician, machine development 
Technician, maintenance (l) 
Technician, mechanical 
Technician, production 




Electrician, industrial (l) 
Electrician, journeyman (l) 
Electrician, maintenance (4) 
Electrician, master (l) 
Electrician, plant (l) 
Engineer (l) 
Engineer, assistant 










Engineer, process (l) 
Engineer, production (l) 
Engineer, program. 
Engineer, project (l) 








Electrical assemblers (l) 
Electronic forman 
Electronic specialist (2) 
Engineering assistant (l) 
Engineering specialist 
Forman 
Instrument mechanic (l) 




Maintenance crew (l) 
Maintenance, electrical (2) 













Shop supervision personnel 
Supervisor 
Switchgear assemblers (l) 
Test equipment maintenance 
Tool maker 
Wage roll employee 
Welder 
The terminology data are presented in Table l4. The most frequently 
used term was electrician. Fifty-one and three-tenths percent used this 
term. As a group the non-electrical terms were the next most frequently 
used with 4-9.5^ of the responding industries reporting one or more 
1+6 
non-electrical terms. Only 43 (37-7^) out of 115 industries used the term 
technician to describe so-rated personnel. In addition, l6 modifications 
of the technician term were given as "being used in the industries to 
describe personnel who performed electronic technician work. 
By merged area the data on terminology are reported in Table 15. 
Only in a few cases was the term technician used more frequently than 
other terms. 
Tab)le l6 was included here to illustrate the many terms which were 
reported used to describe personnel who performed electronic technician 
work in industry. The most common single term used was electrician which 
was indicated by 46 industries. Electronic technician and technician were 
tied for second position with each reported by 13 respondents. 
Training needs for electronic technicians 
In this portion of the findings the opinions of the persons completing 
the questionnaire are presented in regard to training needed in nine basic 
disciplines. The categories are: l) mathematics, 2) basic principles of 
physics, 3) shop operations and related information, h) technical drawing, 
5) a-c and d-c circuits and machines, 6) electronic components and circuits, 
7) use and repair of test equipment, 8) TV circuits, and 9) data pro­
cessing. 
Tables 17 through 25 give the composite ratings of the training needs 
by the 115 industries in the study. The number indicating each rating, 
one through five, is given along with the average for each topic. The 
rating scale is as follows; l) very little importance, 2) background 
only, 3) desirable, 4) highly desirable, and 5) essential. The topics are 
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listed in descending order according to their average ratings. 
Composite ratings 
Mathematics In general only algebra and trigonometry received 
an average rating of 3.00 or more (see Table I7). The predominant rating 
for analytical geometry was three; however, its average was only 2.6l. 
All other mathematic topics had an average below 2.50. 
Table I7. Importance of mathematics for electronic technicians 
Topic Rating 
1 2 3 4 5 Average 
Algebra 6 12 28 22 47 3.80 
Trigonometry 10 10 32 28 35 3.59 
Analytical geometry 31 21 32 23 8 2.61 
Logarithmic and exponential 
functions 
23 22 21 7 2.37 
Vector algebra 37 27 31 14 6 2.35 
Elementary statistical 
analysis 
55 21 25 12 2 2.00 
Binary notation 60 21 17 11 6 1.97 
Differentiation 53 31 22 9 0 1.88 
Integration 57 32 17 9 0 1.81 
Boolean algebra 68 22 15 7 3 1.74 
Laplace transforms 72 28 13 2 0 1.54 






1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
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Basic principles of physics Simple machines rated highest, 
3.76, of the tasic principles of physics knowledge needed by electronic 
technicians. Table I8 data shows other topics which received an average 
rating of 3«00 or more to he: work and power, 3-575 forces, 3.48; 
motion, 3*43; and fluids, 3.11. Strength of materials and heat and 
thermodynamics rated about 2.50. 





3 4 5 Average 
Simple machines 8 10 26 29 lt2 3.76 
Work and power 11 13 30 21 3.57 
Forces 10 17 33 18 37 3.48 
Motion 11 16 35 19 34 3.43 
Fluids 19 18 26 m 22 3.11 
Strength of material 19 23 36 21 16 2.93 
Heat and thermodynamics 26 22 27 21 12 2.69 
Physical chemistry of metal h9. 30 26 15 4 2.24 
Light, lenses, and colormetry 47 29 24 11 4 2.09 
Ware propagation 29 15 10 7 2.01 
Electro-acoustics 52 32 18 8 5 1.93 
IT = 115 
Rating: 
1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
k9 
Shop operations and related information One of the few topics 
which received an average rating above 4.00 was soldering. With the 
exception of the shop operations of milling (2.99) and shaping (2.94), all 
shop operations and related information rated above 3.00. Shop operations 
and related information along with the category, technical drawing, rated 
high in the study as is reported in Tables 19 and 20. 
Table 19. Importance of shop operations and related information for 
electronic technicians 
Topic Rating 
1 2 3 4 5 Average 
Soldering 1+ 4 l6 24 §1 4.27 
Drilling 3 11 33 28 3.79 
Measuring with micrometers 5 13 27 33 n 3.74 
Sheetmetal fabrication 10 18 35 24 28 3.37 
Arc welding 13 17 27 26 3.31 
Spot welding 13 18 29 25 3.30 
Oxyacetylene welding 13 20 34 24 24 3.23 
Boring 14 23 34 24 20 3.11 
Facing 17 22 3É 22 18 3.08 
Turning l6 23 32 24 20 3.07 
Milling 18 25 22 19 2.99 
Shaping 19 27 29 22 18 2.94 
N = 115 
Eating: 
1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
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Table 20. Importance of technical drawing for electronic technicians 
Topic Rating 
1 2 3 4 5 Average 
Blueprint reading 4 3 l4 20 74 4.37 
Electronic symbols 8 9 22 22 lit 3.91 
Schematic diagram 
simplification 
9 9 23 34 3.76 
Electronic circuit drawing 12 9 22 28 !È. 3.72 
Dimensioning 11 4 34 26 40 3.70 
Sketching 8 7 32 32 36 3.69 
Charts and graphs 11 l6 32 31 25 3.37 
Pictorial drawings 12 13 37 27 26 3.37 
Theory of projection 18 11 H 23 26 3.24 
Reproduction of drawings 19 19 hi l6 i8 2.96 
Technical illustrating 22 21 32 21 19 2.94 






1 - Very little importance 
2 - Background only 
3 - Desirable 
k - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
Technical drawing Blueprint reading received as high an 
average rating (4.37) as any topic in the composite ratings along with 
series and parallel circuits (4.37) in Table 21. All but three topics 
in the technical drawing category rated above 3-00. Fasteners rated 
lowest with a rating of 2.8j. 
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Table 21. Importance of a-c and d-
technicians 
-c circuits and machines for electronic 
Topic Rating 
1 2 3 4 5 Average 
Series and parallel circuits 4 4 16 13 78 4.37 
Combination circuits 6 6 15 20 ÉÊ 4.20 
Circuit laws 9 8 23 26 3.85 
Generators and motors 11 11 13 30 50 3.84 
Inductive reactance, resonance, 
capacitance, etc. 
10 10 26 21 48 3.76 
Multiphase systems 18 17 24 26 30 3.29 
Integrating circuits 33 26 24 14 18 2.63 
Differentiating circuits 33 26 28 10 18 2.60 
Transient analysis 37 33 20 13 12 2.39 






1 - Very little importance 
2 - Background only 
3 - Desirable 
h - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
A-C and d-c circuits and machines As may have teen expected, 
a-c and d-c circuits and machines rated fairly high in relation to other 
categories. However, as can "be seen hy Table 21, only series and parallel 
circuits (4.37) and combination circuits (4.20) had an average rating 
above 4.00. The last four topics in Table 21 rated below 3-00 and much 
below the other topics. Transient analysis (2.39) and vector analysis 
(2.38) rated below 2.50. 
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Electronic components and circuits In Table 22 the ratings 
are given for the category of electronic components and circuits. A-C 
and d-c power supplies (4.28) and power supply regulation (4.04) headed 
the list followed by ten more topics above S-OOj seven topics "between 
3.00 and 2.50; three between 2.50 and 2.00; and two topics, antennas and 
antenna systems (1.75) and wave guides (1,56) below 2.00. 
Table 22. Importance of electronic components and circuits for electronic 
technicians 
Topic Rating 
1 2 3 It- 5 Average 
A-C and d-c power supplies 4 • 2 16 29 a k.28 
Power supply regulation 7 9 13 29 k.ok 
Diodes (semiconductor) 20 9 17 23 M 3.57 
Transistors (semiconductor) 21 9 19 26 i+O 3.48 
Diodes (vacuum tube) 21 12 23 2k 35 3.38 
SCR's (semiconductor) 2k 9 17 30 35 3.37 
Triodes (vacuum tube) 23 11 23 2k 3à 3.30 
Switching circuit analysis 19 12 36 20 28 3.23 
Tetrodes (vacuum tube) 26 13 23 23 30 3.16 
Vacuum tube circuit analysis 23 12 30 23 27 3.16 
Pentode (vacuum tube) 26 13 2h 22 30 3.15 
Unijunction transistors 
(semiconductor) 
28 ih 2k- 19 30 3.08 
Field effect transistors 
(s emic onduc tor) 
30 17 20 22 26 2.97 
Oscillator circuits 27 22 26 12 28 2.93 
Transistor analysis 30 21 20 20 2k 2.89 
Audio amplifiers 26 21 32 13 23 2.88 
Switching circuit design 28 21 29 18 19 2.82 
Radio freq_uency amplifiers 32 25 28 9 21 2.67 
Vacuum tube circuit design 35 19 32 13 16 2.61 
53 
Table 22 (Continued) 
Topic Rating 
1 2 3 4 5 Average 
Transistor design bà 31 17 10 15 2.35 
FM modulation 25 25 3 11 2.11 
AM modulation 49 29 24 2 11 2.10 
Antennas and antenna systems 72 18 13 6 6 1-75 






1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
In general the semiconductors rated above the vacuum tubes although 
diode vacuum tubes (3.38) ranked just under semiconductor diodes (3>57) 
and transistors (3-48). Two of the newer semiconductors, unijunction 
transistors (3.08) and field effect transistors (2.97) rank below all 
vacuum tubes. Communication components, on the average, ranked toward the 
bottom. 
Use and repair of test equipment Table 23 shows the com­
posite ratings of the importance of use and repair of test equipment for 
electronic technicians. The more common test equipment rated toward the 
top with a-c and d-c voltmeters (4.2^-) and a-c and d-c ammeters (4.22) 
heading the list. Nine topics rated above 3-00 and 17 rated below 3-00 
5U 
with ten of the 17 below 2.00. 
Table 23- Importance of use and repair of test equipment for electronic 
technicians 
Topic Rating 
1 2 3 4 5 Average 
A-C and d-c voltmeters k 5 17 22 §1 4.24 
A-C and d-c ammeters k 5 l8 22 4.22 
Ohmmeters 11 5 13 24 §2 4.05 
Wattmeters 13 8 21 22 51 3.78 
Vacuum tube voltmeters 19 8 18 19 21 3.65 
Oscilloscopes 21 8 23 25 38 3.37 
Tube and transistor testers 2k 9 23 18 4l 3.37 
D-C bridges 25 8 2k 25 33 3.29 
Counters 20 13 27 28 27 3.25 
A-C bridges 35 l4 31 13 22 2.77 
Voltage and current 
standardizing equipment 
31 18 29 22 15 2.76 
Signal generator below 
microwave frequencies 
ko 2k 20 12 19 2.53 
Wave form generators 44 29 22 7 13 2.27 
Function generators 48 23 25 9 10 2.22 
Modulators and demodulators 52 27 18 9 9 2.17 
Q, meters 58 25 13 11 8 2.01 
Frequency analyzers 58 21 21 9 4 1.85 
Ratiometers 59 2k 13 13 6 1.98 
Field strength meters 58 26 l6 8 7 1.97 
Precision frequency measuring 
equipment 
a 26 11 6 11 1.96 
Pulse analyzers §2 25 15 8 5 1.93 
Distortion analyzers §1 23 l6 9 4 1.85 
Variable frequency b pass 69 23 13 5 5 1.73 
Microwave signal generators 6? 19 19 4 6 1.72 
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Table 23 (Continued) 
Topic Rating 
1 2 3 4 5  A v e r a g e  
Shorting stubs and other wave 74 21 12 5 2 I.63 
guide loads 
Interpolation oscillators 73 25 10 5 2 1.59 
N = 115 
Rating: 
1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
TV circuits None of the three topics in the category of TV 
circuits rated above 2.00 in the composite rating. As a group these 
topics received the lowest rating in the study as can be seen in Table 2h.  
Table 2k ,  Importance of TV circuits for electronic technicians 
Topic Rating 
1 2 3 4 5 Average 
Picture transmission 74 22 12 4 3 1.61 
Pulse limiters, sweep generator lit 25 10 2 4 1.58 
Color TV 82 23 4 3 3 1.45 
N = 115 
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Table 24 (Continued) 
Topic Rating 
1 2 3 4 5  A v e r a g e  
Rating : 
1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
Data processing The ratings for the four topics in the data 
processing category given in Table 25 were between 1.99 and 2.3O with 
computer logic ranking the highest. As a category, data processing rated 
just above TV circuits. 
Table 25. Importance of data processing for electronic technicians 
Topic Rating 
1 2 3 4 5 Average 
Computer logic 46 19 26 17 7 2.30 
Tape and recording equipment 52 19 23 15 6 2.17 
Memory systems 52 23 16 18 6 2.16 
Teletype 57 22 19 i4 3 1.99 
N = 115 
Rating : 
1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Predominant response for each item is underscored 
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Training needs for electronic technicians by size of industry The 
composite ratings, while giving a good over view, can indicate little about 
the feelings of distinct groups of raters. Therefore, for additional 
analysis, the data are presented by four different classifications: 
l) size of industry, 2) product manufactured, 3) electrically trained 
employees, and 4) merged area. Tables 26 through 32 present the data by 
the sizes of the industries responding. The average for each topic and 
size group is given. 
Mathematics The data for mathematics (Table 26) indicated 
that larger industries reported a high rating for the respective mathe­
matics topics. Industries in 101 to 250 size classification rated mathe­
matics lowest. The most noticeable deviation from the composite order of 
importance was found for vector algebra which industries employing over 
1,000 persons rated much higher. 
Table 26. Importance of mathematics for electronic technicians by size of 
industry 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
Algebra 3.63 3.56 3.80 4, .16 4.05 
Trigonometry 3.36 3.38 3.45 4, .05 3.80 
Analytical geometry 2.45 2.32 2.55 3 .11 2.45 
Logarithmic and exponential 2.27 2.03 2.15 2 .84 2.65 
functions 
Vector algebra 1-91 2.21 2.00 2.7 3-05 
Elementary statistical 1.82 1.77 I.80 2.26 2.55 
analysis 
Binary notation 1.77 I.50 1.95 2.32 2.60 
Differentiation I.9I I.50 I.70 2.42 2.20 
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Table 26 (Continued) 
Topic 
1-100 
Number of Employees 
101-250 251-500 501-1001 Over 1000 
Integration 1.91 1.38 1.55 2.37 2.15 
Boolean algebra 1.68 1.38 1.65 2.11 2.15 
Laplace transforms 1.50 1.35 1.25 1.90 1.75 
Hyperbolic functions 1.54 1.47 1.55 2.16 1.65 
N 22 34 20 19 20 
Basic principles of physics When data in Table 27 were 
compared with those reported in Table 26 there appeared to be a closer 
agreement as to the importance of basic principles of physics through the 
size classification than there was for mathematics. However, the larger 
industries rated the importance of physics principles higher than the 
smaller industries. 
Table 27- Importance of basic principles of physics for electronic 
techni ians by size of industry 
Topic 
1-100 
Number of Employees 
101-250 251-500 501-1001 Over 100 
Simple machines 3.68 3.74 3.65 3.84 3.90 
Work and power 3.64 3.47 3.40 3.68 3.75 
Forces 3.27 3.50 3.20 3.68 3.75 
Motion 3.23 3.47 3.10 3.63 3.70 
Fluids 2.68 3.15 3.20 3.26 3.60 
Strength of materials 2.91 2.94 2.60 3.21 3.00 
Heat and thermodynamics 2.73 2.56 2.00 2.84 3.40 
Physical chemistry of metal 2.59 2.00 1.65 2.53 2.60 
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Table 27 (Continued) 
Topic 
1-100 101-250 
Number of Employees 
251-500 501-1001 Over 1000 
Light, lenses, and colormetry 2.00 1.88 1.80 2.21 2.75 
Wave propagation 2.00 1.82 1.80 2.16 2.10 
Electro-acoustics 2.09 1.68 1.95 2.00 2.40 
N 22 34 20 19 20 
Shop operation and related information In the ratings of 
the importance of shop operations, a different tendency prevailed. The 
smaller industries rated the importance of shop operations higher than did 
the larger industries although there was less consistency in this respect 
as is shown by the data in Table 28. The smaller industries' higher 
ratings in the welding topics were especially noticeable. 
Table 28. Importance of shop operations and related information for 
electronic technicians by size of industry 
Topic 
1-100 
Number of Employees 
101-250 251-500 501-1001 Over 1000 
Soldering 4.45 4.35 4.05 4.16 4.25 
Drilling 3.99 4.03 3.65 3.63 3.50 
Measuring with mircrometers 3.64 3.77 3.90 3.84 3.50 
Sheetmetal fabrication 3.73 3.53 3.30 3.21 2.35 
Arc welding 3.86 3.71 3.00 3.26 2.70 
Spot welding 3.55 3.76 2.85 3.42 2.65 
Oxyacetylene welding 3.41 3.62 2.75 3.16 2.90 
Boring 3.05 3.65 2.85 3.26 2.40 
Facing 3.00 3.53 2.70 3.11 2.40 
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Table 28 (Continued) 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 100 
Turning 3.14 3.56 2.75 3.21 2.40 
Milling 2.82 3.56 2.70 3.16 2.15 
Shaping 2.77 3.56 2.60 3.00 2.35 
22 34 20 19 20 
Technical drawing The data concerning the importance of 
technical drawing were somewhat mixed. The topics toward the top of 
Table 29 tended to be rated higher by the larger industries while the 
topics tovrard the bottom were rated higher by the smaller industries. 
Table 29- Importance of technical drawing for electronic technicians by 
size of industry 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
Blueprint reading 4.50 4.32 4.50 4.11 4.4o 
Electronic symbols 3.55 3.94 4.00 3.84 4.05 
Schematic diagram 
simplification 
3.73 3.50 3.90 3.68 4.15 
Electronic circuit drawing 3.64 3.50 3.85 3.74 4.05 
Dimensioning 3.73 3.82 3.55 3.53 3.75 
Sketching 3.68 3.53 3.55 3.84 4.05 
Charts and graphs 3.27 3.26 3.55 3.74 3.15 
Pictorial drawings 3.27 3.41 3.45 3.53 3.15 
Theory of projection 3.45 3.32 2.90 3.42 3.05 
Reproduction of drawings 3.14 2.97 2.80 3.00 2.35 
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Table 29 (Continued) 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
Technical illustrating 2.91 3.06 2.95 3.00 2.20 
Fasteners 2.82 3.06 2.10 2.90 3.10 
N 22 3^^ 20 19 20 
A-C and d-c circuits and machines Table 30 presents the data 
of the importance of a-c and d -c circuits and machines for electronic 
technicians. There appears to be more consistency in the ratings through 
the various size classifications with only the 501 to 1,000 size classi­
fication rating topics somewhat lower. 
Table 30- Importance of a-c and d-c circuits and machines for electronic 
technicians by size of industry 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
Series and parallel circuits 4.36 4.29 4.70 4.05 4.45 
Combination circuits 4.09 4.18 4.45 3.90 4.40 
Circuit laws 3.82 3.59 4.30 3.53 4.20 




3.59 3.56 4.10 3.63 4.05 
Multiphase systems 3.36 3.27 3.70 2.63 3.55 
Integrating circuits 2.68 2.35 2.80 2.58 2.95 
Differentiating circuits 2.55 2.27 2.95 2.58 2.90 
Transient analysis 2.27 2.21 2.50 2.32 2.80 
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Table 30 (Continued) 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
Vector analysis 2.23 2.27 2.45 2.37 2.75 
N 22 3h 20 19 20 
Electronic components and circuits The most obvious point 
indicated by the data in Table 31 is the small industries' ratings of 
vacuum tube importance below that of semiconductors. Here again the 
larger industries, in general, rated the topics higher than the smaller 
industries. 
Table 31» Importance of electronic components and circuits for electronic 
technicians by size of industry 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
A-C and d-c power supplies 4.00 4.15 4.40 4.47 4.50 
Power supply regulation 3.59 4.03 4.05 4.47 4.30 
Diodes (semiconductor) 3.27 3.35 3.60 3.53 4.30 
Transistors (semiconductor) 3.09 3.24 3.40 3.68 4.20 
Diodes (vacuum tube) 2.68 3.27 3.40 3.26 4.05 
SCR's (semiconductor) 3.55 3.21 3.30 3.47 3.35 
Triodes (vacuum tube) 2.77 3.24 3.35 3.21 4.05 
Switching circuit analysis 3.22 3.12 3.10 2.95 3.80 
Tetrodes (vacuum tube) 2.45 3.12 3.25 3.16 3.40 
Vacuum tube circuit analysis 3.00 2.79 3.35 3.11 3.85 
Pentode (vacuum tube) 2.45 3.12 3.25 3.11 3.90 
Unijunction transistors 3.45 2.88 2.80 3.16 3.20 
(semiconductors) 
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Table 31 (Continued) 
Topics Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
Field effect transistors 
(semiconductors) 
2.95 2.82 2.65 3.11 3.45 
Oscillator circuits 2.55 2.82 3.05 3.11 3.25 
Transistor analysis 2.45 2.06 2.15 2.53 2.75 
Audio amplifiers 2.68 2.76 2.75 3.05 3.30 
Switching circuit design 2.95 1.91 2.35 2.68 3.30 
Radio frequency amplifiers 2.55 2.1+1 2.60 2.90 3.10 
Vacuum tube circuit design 2.55 2.41 2.50 2.90 2.90 
Transistor design 2.45 2.06 2.15 2.56 2.75 
FM modulation 2.27 1.71 2.10 2.32 2.45 
AM modulation 2.18 1.74 2.10 2.37 2.40 
Antennas and antenna systems 1.82 1.4l 1.70 1.84 2.20 
Wave guides 1.32 1.02 1.60 1.74 1.85 
22 34 20 19 20 
Use and repair of test equipment In general the larger 
industries rated the use and repair of test equipment higher than the 
smaller Industries, but several small inconsistencies were evident in 
Table 32. Respondents in the 501 to 1,001 size classification rated the 
topics at the top of the table somewhat lower, but were more in agreement 
with the other groups on topics further down the list. The topics toward 
the end of the table were rated quite low and consequently the ratings were 
more consistent through the size classifications. 
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Table 32. Importance of use and repair of test equipment for electronic 
technicians "by size of industry 
Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
A-C and d-c voltmeters 4.05 4.24 4.65 3.95 4.35 
A-C and d-c ammeters 3.95 4.24 4.65 3.95 4.35 
Ohmmeters 3.64 4.03 4.55 3.77 4.35 
Wattmeters 3.36 3.74 4.20 3.58 4.10 
Vacuum tube voltmeters 3.45 3.50 3.75 3.47 4.20 
Oscilloscopes 2.91 3.29 3.65 3.53 4.00 
Tube and transistor testers 3.09 3.27 3.40 3.16 4.00 
D-C bridges 2.82 3.21 3.30 3.32 3.90 
Counters 3.22 3.27 3.10 2.63 4.00 
A-C bridges 3.22 2.50 2.65 3.05 . 3.45 
Voltage and current 
standardizing equipment 
2.09 2.65 2.85 2.84 3.50 
Signal generators below 
microwave frequencies 
1.91 2.09 2.47 2.45 2.80 
Wave form generators 1.95 2.18 2.25 2.37 2.80 
Function generators 1.61+ 2.18 2.15 2.37 2.40 
Modulators and demodulators 2.05 2.12 2.00 1.95 2.50 
Q meters 2.05 1.85 1.60 2.53 1.85 
Frequency analyzers 1.95 2.00 1.65 2.10 2.25 
Ratiometers 2.18 1.71 2.10 2.32 2.95 
Field strength meters 2.05 1.91 1.75 1.79 2.30 
Precision frequency measuring 
equipment 
1.82 1.77 1.85 2.05 2.45 
Pulse analyzers 1.82 1.85 1.45 1.90 2.05 
Distortion analyzers 1.95 1.82 1.55 1.95 2.00 
Variable frequency bypass 1.77 1.59 1.50 1.84 1.90 
Microwave signal generators 1.61+ 1.82 1.60 1.79 2.15 
Shorting stubs and other 
wave guide loads 
1.56 1.59 1.45 1.68 1.90 
Table 32 (Continued) 
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Topic Number of Employees 
1-100 101-250 251-500 501-1001 Over 1000 
Interpolation oscillators 1.73 1.50 1.1+5 1.74 1.65 
N 22 3h 20 19 20 
Training needs for electronic technicians by product manufactured 
In Table 33 through Table 39 the data show the responding industries' 
ratings of the importance of the various areas of study according to the 
product classification in which the industry's major product was classi­
fied. The industries which reported the greatest needs for electronic 
technicians and electricians were in the six manufactured product classi­
fications included in these tables. 
Mathematics The importance of algebra was rated highest by 
the industries in the fabricated metal products classification and lowest 
by the food and kindred products industries. On the whole, the elec­
trical machinery, equipment, and supplies classifications and the pro­
fessional, scientific, and controlling instruments ranked the mathematics 
skills higher than the other products classifications. This information 
is illustrated in Table 33-
Table 33- Importance of mathematics for electronic technicians by product manufactured 
Topic Product Classification 
Ordnance Food Chem. Fabricated Machinery Elect. Professional 
and and and Metal Except Mach. Scientific, 
Access. Kindred Allied Prod. Electrical Equip. and 
Prod. Prod. and Controlling 
Supplies Inst. 
Algebra 4.00 2.80 3.80 4.56 3.74 4.43 4.20 
Trigonometry k .50  2.80 3.20 4.44 3.52 3.91 4.40 
Analytical geometry 2.00 2.30 2.80 2.67 2.48 3.17 3.20 
Logarithmic and 3.00 1.80 1.40 3.11 2.37 2.61 3.40 
exponential functions 
Vector algebra 3.50 2.05 1.40 2.22 2.15 2.65 3.20 
Elementary statistical 3.50 1.65 i.4o 2.00 2.04 2.61 2.40 
analysis 
Binary notation 3.00 1.30 1.60 1.89 2.26 2.26 2.60 
Differentiation 2.50 1.60 i.4o 2.00 1.85 2.17 2.60 
Integration 2.50 1.50 i.4o 1.89 1.78 2.13 2.60 
Boolean algebra 2.50 1.20 1.40 1.56 1.96 2.00 2.40 
Laplace transforms 1.50 1.25 i.4o 1.44 1.67 1.70 2.20 
Table 33 (Continued) 
Topic Product Classification 
Ordnance Food Chem. Fabricated Machinery Elect. Professional, 
and and and Metal Except Mach. Scientific, 
Access. Kindred Allied Prod. Electrical Equip. and 
Prod. Prod. and Controlling 
Supplies Inst. 
Hyperbolic functions 1.50 1.40 1.40 1.56 1.67 1.83 2.40 
N 2 20 5 9 27 23 5 
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Basic principles of physics In general the ordnance and 
accessories industries rated the physics principles higher than most other 
product classifications followed by professional, scientific, and control­
ling instruments, and fabricated metals products industries. As is shown 
in Table 34, food and kindred products industries rated most items lower 
than the other industries. 
Shop operations and related information While all industries 
rated the shop operations quite high, ordnance and accessories with two 
industries reporting rated this discipline highest. The machinery except 
electrical industries tended to rate the shop operation and related infor­
mation lower than the other five product classification industries. This 
information is illustrated in Table 35-
Technical drawing Again, as a whole, technical drawing was 
rated high by all industries. Ordnance and accessories; chemical and 
allied products; and professional, scientific, and controlling instru­
ment manufacturing industries rated technical drawing topics higher than 
the other industries represented in Table 36. 
A-C and d-c circuits and machines In Table 37 the data 
indicated lower ratings for the first five tcpics by the fabricated metal 
products industries and the professional, scientific, and controlling 
instruments industries. Beyond this, with the exception of the higher 
ratings by the ordnance and accessories industries, the industries' 
ratings were much in agreement. 
Table 34. Importance qf basic principles of physics for electronic technicians by product 
Topic Product Classification 
Ordnance Food Chem. Fabricated Machinery Elect. Professional 
and and and Metal Except Mach. Scientific, 
Access. Kindred Allied Prod. Electrical Equip. and 
Prod. Prod. and Controlling 
Supplies Inst. 
Simple machines I+.50 3.30 3.80 4.22 3.70 3.78 4.20 
Work and power l+.OO 3.20 3.80 3.67 3.48 3.74 4.00 
Forces 4.00 3.05 3.60 4.22 3.48 3.26 4.20 
Motion 4.00 3.05 3.60 4.22 3.41 3.30 3.60 
Fluids 3.50 3.00 4.00 3.44 3.37 2.74 3.00 
Strength of materials 2.50 2.70 3.20 2.89 3.22 2.87 3.20 
Heat and thermodynamics 2.50 2.85 2.60 2.33 2.56 2.83 3.40 
Physical chemistry of 2.50 1.90 2.20 2.22 2.59 2.52 2.20 
metal 
Light, lenses, and 3.00 1.90 2.00 1.44 2.07 2.35 2.40 
colormetry 
Wave propagation 3.00 1.65 1.40 1.56 2.04 2.74 2.40 
Electro-acoustics 3.50 1.45 1.80 1.56 1
—
! 1—i OJ 
2.74 2.00 
N 2 20 5 9 27 23 5 
Table 35. Importance of shop operations and related information for electronic technicians by product 
manufactured 
Topic Product Classification 
Ordnance Food Chem. Fabricated Machinery Elect. Professional, 
and and and Metal Except Mach. Scientific, 
Access. Kindred Allied Prod. Electrical Equip. and 
Prod. Prod. and Controlling 
Supplies Inst. 
Soldering 5.00 4.25 4.80 4.22 4.07 4.30 4.80 
Drilling 5.00 3.75 4.60 - 3.78 3.56 3.91 4.20 
Measuring with micro­ 5.00 3.20 4.20 4.00 3.74 3.78 4.60 
meters 
Sheetmetal fabrication 5.00 3.10 3.80 3.56 3.48 3.61 3.40 
Arc welding 3.50 3.55 3.80 3.56 3.37 2.91 3.60 
Spot welding 3.50 3M> 3.60 3.78 3.30 3.09 3.60 
Oxyacetylene welding 3.50 3.50 3.40 3.33 3.37 3.04 3.40 
Boring 3.50 3.20 3.60 3.33 3.07 3.78 3.80 
Facing 3.50 2.80 3.20 3.67 3.04 3.61 3.60 
Turning 3.50 2.85 3.20 3.67 3.04 2.91 3.80 
Milling 3.50 2.75 3.40 3.22 3.07 3.04 3.60 
Shaping 3.50 2.85 3.20 3.22 3.04 2.65 3.60 
F 2 20 5 9 27 23 5 
Table 36. Importance of technical drawing for electronic technicians "by product manufactured 




























Blueprint reading 5.00 3.80 5.00 4.33 4.52 4.43 4.80 
Electronic symbols 5.00 3.30 k.ko 3.33 3.81 4.22 4.60 
Schematic diagram 
simplification 
5.00 3.60 4.60 3.56 3.70 4.04 3.20 
Electronic circuit drawing 5- 00 2.95 4.40 3.22 3.81 4.04 4.40 
Dimensioning 5.00 2.90 4.20 4.11 3.93 3.78 4.60 
Sketching 5.00 3.15 4.60 3.78 3.74 3.91 4.00 
Charts and graphs 3.50 2.60 3.80 3.22 3.44 3.74 3.60 
Pictorial drawings 4.00 2.85 4.00 4.00 3.33 3.52 4.00 
Theory of projection 4.00 2.65 3.60 3.78 3.30 3.13 4.40 
Reproduction of drawings 2.50 2.65 3.20 3.33 3.07 2.96 3.20 
Technical illustrating 2.50 2.60 4.00 2.78 3.22 3.22 2.80 
Fasteners 3.50 2.65 1.80 3.22 2.78 3.22 2.80 
E 2 20 5 9 27 23 5 
Table 37« Importance of a-c and d-c circuits and machines for electronic technicians by product 
manufactured 
Topic Product Classification 
Ordnance Food Chem. Fabricated Machinery Elect. Professional, 
and and and Metal Except Mach. Scientific, 
Access. Kindred Allied Prod. Electrical Equip. and 
Prod. Prod. and Controlling 
Supplies Inst. 
Series and parallel cir­ 5.00 4.40 5.00 3.89 4.44 4.39 3.60 
cuits 
Combination circuits 5.00 4.25 4.80 3.67 4.30 4.30 3.40 
Circuit laws 5.00 3.65 3.60 3.33 3.70 4.17 3.60 
Generators and motors 3.50 4.30 4.40 3.22 4.04 3.00 2.60 
Inductive reactance. 5.00 3.40 4.20 3.56 3.59 4.35 3.00 
resonance, 
capacitance, etc. 
Multiphase systems 2.50 3.40 3.20 3.00 3.41 2.70 2.40 
Integrating circuits 4.00 2.55 2.40 2.00 2.48 3.04 2.60 
Differentiating circuits 4.00 2.40 2.60 2.00 2.48 2.96 2.60 
Transient analysis 4.50 1.95 1.80 2.00 2.22 2.78 2.80 
Vector analysis 3.50 1.90 1.80 1.89 2.41 2.74 2.80 
H 2 20 5 9 27 23 5 
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Electronic components and circuits With the exception of 
ordnance accessories which had only two industries responding, chemical 
and allied products industries rated 11 of the first 12 topics in Table 38 
noticeably higher than the other five industry groups. In the last half 
of Table 38 electrical machinery, equipment, and supplies manufacturing 
industries rated the topics higher than the other responding industries 
except the two ordnance and accessories industries. 
Use and repair of test equipment Table 39 data shows the 
ratings for use and repair of test equipment, and again the ordnance 
accessories industries rated the majority of the topics higher than the 
other industries. Next in line were the electrical machinery, equipment, 
and supplies and chemical and allied products industries. 
Training needs for electrically trained employees as reported by the 
industries In Table l4 the data indicated only 37-7% of the industries 
in the study used the term "technician". The term "electrician" was used 
more often than technician. To analyze this data with respect to the 
electrically trained personnel in the industries, Tables 40 through 46 
present the average ratings for each of the seven groups of topics. 
Mathematics The industries which reported that electrical 
engineers performed the duties which required the knowledge and skills in 
this study rated the importance of four mathematics topics, algebra, 
differentiation, integration, and Laplace transforms highest. However, 
the industries who used technicians rated the eight other mathematics 
topics highest. The ratings under the classification of other electrical 
terms and electricians respectively were found to be somewhat lower. These 
data are presented in Table 40. 
Table 38. Importance of electronic components and circuits for electronic technicians product 
manufactured 




























A-C and d-c power 
supplies 
5.00 4 15 4.80 3.33 4.26 4.48 4.40 
Power supply regulation 5.00 3.80 4.60 3.22 4.04 4.26 4.40 
Diodes (semiconductor) 5.00 2.60 4.20 3.22 3.67 4.13 4.40 
Transistors 
(semiconductor) 
5.00 2.60 4.20 2.89 3.52 4.00 4.20 
Diodes (vacuum tube) 4.00 2.70 4.60 2.89 3.44 3.57 3.60 
SCR's (semiconductor 4.00 2.25 4.20 2.89 3.52 3.96 3.40 
Triodes (vacuum tube) 4.00 2.50 4.20 2.89 3.44 3.65 3.60 
Switching circuit 
analysis 
4.00 2.55 4.40 3.33 3.19 3.39 3.00 
Tetrodes (vacuum tube) 4.00 2.40 3.80 2.67 3.41 3.35 3.40 
Vacuum tube circuit 
analysis 
4.00 2.65 4.20 2.78 3.19 3.57 3.00 
Pentode (vacuum tube) 4.00 2.40 3.80 2.67 3.41 3.35 3.40 
Table 38 (Continued) 
Topic 
Ordnance Food Chem. 
and and and 




4.00 2.20 3.60 
Field effect transistors 
(semiconductors) 
4.00 2.20 3.40 
Oscillator circuits 4.00 2.15 3.00 
Transistor analysis 5.00 1.95 4.00 
Audio amplifiers 4.00 2.10 3.40 
Switching circuit design 3.00 2.30 2.80 
Radio frequency ampli­
fiers 
4.00 2.10 2.40 
Vacuum tube circuit design 3.00 2.10 3.00 
Transistor design 5.00 1.70 2.40 
FM modulation 3.00 1.55 1.80 
AM modulation 3.00 1.55 1.80 
Antennas and antenna 
systems 
































































Table 38 (Continued) 








































Table 39- Importance of use and repair of test equipment for electronic technicians by product 
manufactured 
Topic Product Classification 
Ordnance Food Chem. Fabricated Machinery Elect. Professional 
and and and Metal Except Mach. Scientific, 
Access. Kindred Allied Prod. Electrical Equip. and 
Prod. Prod. and Controlling 
Supplies Inst. 
A-C and d-c voltmeters 5.00 4.25 4.40 3.67 4.04 4.52 3.60 
A-C and d-c ammeters 5.00 4.15 4.40 3.67 4.04 4.52 3.60 
Ohmmeters 5.00 3.55 4.4o 3.11 3.89 4.65 4.00 
Wattmeters 3.50 3.50 4.20 3.22 3.52 4.17 3.20 
Vacuum tube voltmeters 5.00 3.00 4.00 3.22 3.48 4.30 3.60 
Oscilloscopes 5.00 2.30 4.00 2.78 3.37 4.30 3.80 
Tube and transistor 5.00 2.80 4.20 3.22 3.11 3.87 3.80 
testors 
D-C bridges 5.00 2.50 3.40 2.56 2.96 4.39 4.40 
Counters 4.00 3.25 3.60 2.56 3.15 3.35 3.80 
A-C bridges 5.00 2.05 3.20 2.33 2.52 3.74 3.20 
Voltage and current 5.00 2.1+0 2.40 2.00 2.59 3.39 3.20 
standardizing equipment 
Signal generators below 5.00 1-75 3.20 2.11 2.07 3.48 2.80 
microwave frequencies 






Wave form generators 5 .00 1.70 
Function generators 3. .00 1.65 
Modulators and 
demodulators 
2. .00 1.85 
Q, meters 2, .00 1.60 
Frequency analyzers 2, .00 1.70 
Ratiometers 2, .00 1.85 
Field strength meters 2, .00 1.75 
Precision frequency 
measuring equipment 
5. ,00 1.65 
Pulse analyzers 2, .00 1.60 
Distortion analyzers 2, .00 1.60 
Variable frequency bypass 1. • 50 1.55 
Microwave signal 
generators 
3. .00 1.70 
Product Classification 
Chem. Fabricated Machinery Elect. Professional, 
and Metal Except Mach. Scientific, 
Allied Prod. Electrical Equip. and 






























































Table 39 (Continued) 
Topic Product Classification 
Ordnance Food Chem. Fabricated Machinery Elect. Professional, 
and and and Metal Except Mach. Scientific 
Access. Kindred Allied Prod. Electrical Equip. and 
Prod. Prod. and Controlling 
Supplies Inst. 
Shorting stubs and other I.50 I.U5 1.40 l.kk 1.89 1.78 1.80 
wave guide loads 
Interpolation oscillators 1-50 1.45 1.1+0 1.33 1.70 1.78 1.80 
N 2 20 5 9 27 23 5 
8o 
Table 40. Importance of mathematics for electrically trained employees 
as reported by the industries 
Topic Electrical Personnel 





Algebra 4.40 3.53 4.53 3.93 
Trigonometry 4.00 3.37 3.93 3.60 




2.93 2.09 2.27 2.73 
Vector algebra 2.51 2.22 2.48 2.67 
Elementary statistical 
analysis 
2.40 1.75 2.40 2.07 
Binary notation 2.44 1.86 2.33 2.00 
Differentiation 2.23 1.76 2.33 1.87 
Integration 2.12 1.70 2.20 1.80 
Boolean algebra 2.21 1.58 2.00 1.73 
Laplace transforms 1.77 1.42 1.80 i.4o 
Hyperbolic functions 1.98 1.54 1.86 1.53 
N 43 59 15 15 
Basic principles of physics Table 4l data shows the ratings 
in columns under electrical engineer and technician reversed in importance 
of the physics topics compared with the over-all ratings of the mathematics 
topics. In other words, the industries rated mathematics topics higher for 
technicians and basic principles of physics higher for electrical 
engineers. 
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Table 4l. Importance of "basic principles of physics for electrically 
trained employees as reported "by the industries 
Topic Electrical Personnel 
Technician Electrician Electrical Other 
Engineer Electrical 
Term 
Simple machines 4.00 3.59 4.33 3.60 
Work and power 3.88 3.39 4.27 3.33 
Forces 3.72 3.37 3.87 3.47 
Motion 3.70 3.32 3.93 3.47 
Fluids 3.05 3.27 3.07 3.40 
Strength of materials 3.14 2.86 3.33 3.60 
Heat and thermodynamics 2.88 2.56 3.00 2.87 
physical chemistry of 
metal 
2.47 2.14 2.93 2.47 
Light, lenses, and 
colormetry 
2.28 2.00 2.47 2.27 
Wave propagation 2.54 1.80 2.73 2.20 
Electro-acoustics 2.35 1.83 2.60 1.93 
N 43 59 15 15 
Shop operations and related information In general the over­
all ratings for shop operations were more homogeneous than for the previous 
topics. The ratings for electrical engineers were highest followed closely 
by ratings for technicians and electricians as is shown in Table k2. 
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Table k2. Importance of shop operations and related information for 
electrically trained employees as reported by the industries 
Topic Electrical Personnel 





Soldering 4.30 4.31 4.2 3.80 
Drilling 3.84 3.83 3.93 ^.53 
Measuring with micro­
meters 
3.91 3.75 4.2 3.20 
Sheetmetal fabrication 3.56 3.34 3.73 3.60 
Arc welding 3.02 3.39 3.40 3.20 
Spot welding 3.23 3.30 3.27 3.07 
Oxyacetylene welding 3.02 3.31 3.33 3.33 
Boring 3.23 3.12 3.33 2.80 
Facing 3.16 2.98 3.27 2.67 
Turning 3.23 3.03 3.40 2.67 
Milling 3.16 2.97 3.40 2.67 
Shaping 3.09 2.97 3.13 2.67 
N 43 59 15 15 
Technical drawing As is illustrated in Table 43, the ratings 
for electrical engineers again were slightly higher than the ratings for 
technicians in technical drawing. The ratings for electricians and other 
electrical personnel were about equal. 
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Table 43. Importance of technical drawing for electrically trained 
employees as reported by the industries 
Topic Electrical Personnel 
Technician Electrician Electrical Other 
Engineer Electrical 
Term 
Blueprint reading 4.47 4.29 4.80 4.20 
Electronic symbols k.lh 3.81 3.87 3.73 
Schematic diagram 
simplification 
4.02 3-66 3.93 3.60 
Electronic circuit 
drawing 
4.07 3.56 4.00 3.53 
Dimensioning 3.93 3.56 4.27 4.13 
Sketching 4.02 3-66 4.13 3.60 
Charts and graphs 3.93 3.09 3.73 3.20 
Pictorial drawings 3.67 3.20 4.20 3.40 
Theory of projection 3.40 3.07 3.87 3.46 
Reproduction of 
drawings 
3.09 2.83 3.67 2.93 
Technical illustrating 3.16 2.78 3.87 2.67 
Fasteners 2.98 2.78 3.47 3.00 
N 43 59 15 15 
Composite of electrical and electronic skills and knowledge 
In Tables 44, and k6, with few exceptions, the industries which used 
the term technician to describe their electrically trained personnel rated 
the importance of the topics higher than industries using other terms. 
Following this, in general, ratings for electricians were higher for 
electrical topics while ratings for electrical engineers were higher for 
electronic topics. The ratings for other electrical personnel varied 
between those for electrician and electrical engineer. 
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Table 44. Importance of a-c and d-c circuits and machines for electrically 
trained employees as reported Toy the industries 
Topic Electrical Personnel 
Technician Electrician Electrical Other 
Engineer Electrical 
Term 
Series and parallel 4.56 
circuits 
Combination circuits 4.37 
Circuit laws 4.l6 
Generators and motors 3.42 
Inductive reactance, 4.26 
resonance, 
capacitance, etc. 
Multiphase systems 3-05 
Integrating circuits 3.02 
Differentiating circuits 2.98 
Transient analysis 3.09 
Vector analysis 2.44 
N 43 
4.19 4.40 4.43 
4.07 4.06 4.20 
3.54 3.53 3.80 
4 .05 2.73 3.53 
3.39 4.00 3.93 
3.41 2.67 2.93 
2.41 2.80 2.33 
2.42 2.87 2.26 
2.17 2.53 2.60 
2.24 2.33 2.73 
59 15 15 
Table 45. Importance of electronic components and circuits for 
electrically trained employees as reported by the industries 
Topic Electrical Personnel 





A-C and d-c power 4.47 
supplies 
Power supply regulation 4.47 
















Table 4$ (Continued) 
Topic Electrical Personnel 





Diodes(vacuum tube) 3.56 3.24 3.13 3.53 
SCK's (semiconductor) 3.93 3.24 3.80 3.20 
Triodes (vacuum tube) 3.54 3.19 3.33 3.53 
Switching circuit 
analysis 
3.47 3.15 3.60 3.47 
Tetrodes (vacuum tube) 3.47 3.05 3.00 3.13 
Vacuum tube circuit 
analysis 
3.42 3.03 3.53 3.00 
Pentode (vacuum tube) 3.47 3.05 3.00 3.13 
Unijunction transistors 
(semiconductors) 
3.56 2.92 3.40 2.87 
Field effect transistors 
(semiconductors) 
3.56 2.76 3.40 2.80 
Oscillator circuits 3.63 2.76 3.47 2.67 
Transistor analysis 3.35 2.78 3.40 2.67 
Audio amplifiers 3.51 2.70 3.27 2.67 
Switching circuit 
design 
3.09 2.68 3.13 2.93 
Radio frequency 
amplifiers 
3.30 2.44 3.07 2.53 
Vacuum tube circuit 
design 
2.84 2.48 3.00 2.53 
Transistor design 2.72 2.24 3.00 2.07 
FM modulation 2.54 1.86 2.60 2.00 
AM modulation 2.58 1.85 2.47 1.87 
Antennas and antenna 
systems 
2.05 1.75 2.07 1.67 
Wave guides 1.81 1.49 1.73 1.33 
E 43 59 15 15 
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Taille 46. Importance of use and repair of test equipment for electrically 
trained employees as reported by the industries 
Topic Electrical Personnel 





A-C and d-c voltmeters 4.40 
A-C and d-c ammeters 4.40 
Ohmmeters 4.$1 
Wattmeters 4.00 
Vacuum tube voltmeters 4.07 
Oscilloscopes 4.l6 
Tube and transistor 3-79 
testers 
D-C bridges 4.17 
Counters 3.53 
A-C bridges 3*54 
Voltage and current 3-35 
standardizing 
equipment 
Signal generators below 3«21 
microwave 
frequencies 
Wave form generators 2.86 
Function generators 2.77 
Modulators and 2.49 
demodulators 
Q, meters 2.6l 
Frequency analyzers 2.40 
Ratiometers 2.42 
Field strength meters 2,23 
Precision frequency 2.42 
measuring 
equipment 
Pulse analyzers 2.16 




































































Table k6 (Continued) 
Topic Electrical Personnel 







2.00 1.64 1.67 1.73 
Microwave signal 
generators 
2.21 1.64 1.73 1.67 
Shorting stubs and other 1.93 
wave guide loads 
1.56 1.60 i.4o 
Interpolation 
oscillators 
1.88 1.49 1.80 1.33 
W 43 59 15 15 
Training needs for electronic technicians by merged area The 
tables which present the data from the industries included in the study 
by merged area in which the industries were located are in the Appendix. 
These tables were included so that the information would be available 
for persons interested in data for specific areas. The data parallels 
those presented for the preceding four groups of tables which illustrate 
the training needs of electronic technicians. 
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DISCUSSION 
Many hours of work have gone into the development of the young 
technical programs since the Senate File 550 established the merged areas 
in Iowa. Much research, such as this for electronic technicians, is needed 
to insure the continued success of the technical programs. This study is 
a step toward valid and reliable knowledge upon which to base sound judg­
ment, statements, and educational programs. This study could not possibly 
supply all of the answers even in the field of electronics technology; 
however, it is a start. 
By contacting the top ranking person in each company who in turn 
indicated the one to contact about acquiring the desired information, the 
individual who completed the questionnaire felt more than a moral obliga­
tion to cooperate. In the case of late returns, a reminder of who 
authorized the cooperation of the individual's company usually brought 
rapid results. 
Since this study involved only manufacturing industries, the infor­
mation presented in the findings cannot be wholly applied to communica­
tions and computer service technicians; however, as was pointed out earlier, 
the shift in employment is away from standard communications equipment and 
toward industrial application of electronics. 
The distribution and composition of the industries employing and 
needing electrically trained personnel deserves noting. Very few of the 
industries were located away from the large population centers in Iowa. 
This placed a large majority of them in a band through the mid-eastern and 
central sections of the state. The question arises as to whether electronic 
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technology programs can be economically set up and maintained in outlying 
areas where the demand is small. Even local advisory committees may 
inadvertently influence a program which would not be in the best interest 
for the student who must migrate to the metropolitan area to gain the most 
beneficial employment. It will take a number of years to meet the demand 
for electronic technicians in companies located in the population centers. 
Even within the geographical locations where technicians were 
employed, 88% of the electronic technicians reported in the study were 
employed in one-tenth of the industries. These industries were inter­
viewed for further interpretation of the data. 
The electronic technicians tended to be located in the large com­
panies. The small companies had trouble competing with the wages paid 
by large companies. One smaller company representative said his company 
may as well pay a slightly higher salary and hire an engineer with a 
college degree. The management personnel interviewed indicated starting 
salaries ranging from $365 to $700 per month depending on the qualifi­
cations of the technicians. The average starting salary was about $490 
per month. 
The need for adequately trained persons in the field of electronics 
was great enough that many of those industries needing them felt that 
production was actually slowed down due to the shortage. The greatest 
needs were indicated to be in production and maintenance. 
The highest rate of growth appeared to be in industries in the size 
category of 250-500 employees. Their predictions were for a 20^ increase 
in number of employees in one year. 
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The industries in the food and kindred products classification 
employ a significant number of persons among Iowa industries. However, 
their report of no electronic technicians employed in these industries 
leads one to believe that either they lack sophisticated automated equip­
ment or that their electriciaians and possibly electrical engineers are 
doing work which is normally considered technician level. Since Iowa is 
a major producer of food products, the chances are not great that the 
industries do not use high speed production equipment and controls. 
Therefore, it is fairly probable that electricians and electrical engineers 
are doing technician type work. 
The above example was by no means an isolated case. Throughout this 
study there were indications that in many companies the term technician 
has not yet been adopted, and other electrically trained personnel do the 
work. There also appeared to be a lack of understanding of what was 
meant by the term technician in the various industries. For this reason 
the data for electricians, electrical engineers, and other electrically 
trained personnel were included in this study. In addition, the 76 terms 
used to describe the persons who performed this work further illustrated 
the point. 
While most of the interviewed representatives were familiar with the 
technical programs in the state, the study showed, in agreement with 
Prater (18) that in-company training was strongly the number one source 
of technically trained employees. 
As for the training needs, the author felt that if a topic didn't 
average 2.50 its importance for electronic technicians should be carefully 
weighed. If too much time is spent in teaching the topics which rated low. 
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the student most likely will not acquire the degree of proficiency_desired 
for those topics which rated much higher. 
Although technical teachers, especially those with engineering back­
grounds, often stress the great need for mathematics in electronic tech­
nology, it was fairly obvious that the majority of the industries felt 
that few mathematics courses were necessary beyond algebra and trigo­
nometry. Both of these are offered in most high schools. 
Tables l8, 19, and 20 made it clear that the related areas of techni­
cal drawing, shop operations, and principles of physics cannot be for­
gotten. This may indicate a tendency toward employment of electro­
mechanical technicians rather than strictly electronics technicians for 
manufacturing industries. 
When the industries were asked about recent technological changes 
which would influence training needs for their electronic technicians, 
the most common response was semiconductors. Other topics which were 
identified as influences were integrated circuits, numerical controlled 
machines, module replacement, and microcircuitry. It was nearly unanimous 
that study of vacuum tubes was the phase of study that should be decreased 
to make room for new material. With the exception of the vacuum tube 
manufacturers, it was obvious from discussions with the industries that 
the general opinion was that semiconductors were rapidly replacing vacuum 
tubes and would all but completely eliminate them in the near future in 
industrial applications. 
Most of the persons interviewed were familiar with the area voca­
tional schools in Iowa. The exceptions to this were two persons who had 
only recently moved to Iowa. The degree of familiarity ranged from 
92 
thorough knowledge "by one person who was a member of the hoard of directors 
for au area school down to no knowledge of the area school concept. All 
persons interviewed were willing to serve on an advisory committee with 
their only reservation being the amount of time that would be required in 
their already rigorous schedules. 
The opinions of the technical programs operating in Iowa held by 
those interviewed were somewhat varied. The most frequent response was 
that the programs were doing well especially considering facilities, etc. 
with which they had to work. However, they were also quick to offer 
suggestions for continued success for those in operation as well as for 
those which were not yet operational. One of the most often hear sug­
gestions was for more coordination with industry. In addition to advisory 
committees, more studies such as this one were recommended. Their apparent 
interest was illustrated by the fine reception which the interviewer 
received in the industries. 
Another suggestion was to give students a general course which would 
include mechanical as well as electrical topics. The idea was to teach 
basic theory which is never out dated rather than specifics which quickly 
be c ome obs oie te. 
While one person wanted more electronics taught, not liberal courses, 
another supervisor emphatically stated that the two year technology 
students were not well rounded and lacked the "human engineering" and 
ability to get along with and communicate with other people. Rrobably 
the strongest criticism of the technology program graduates was their lack 
of communication skills. The factors just mentioned were factors which 
determined the technicians' potential for advancement to positions of 
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responsibility in the industries. 
Several of those interviewed showed concern about the qualification 
of the instructors in the technology programs. Comments were made indi­
cating that one good instructor doesn't constitute a successful program; 
all instructors have to be very competent. Some felt that programs were 
developing faster than good teachers could be acquired. Consequently, 
because of the need, a less qualified instructor may be accepted. This 
could prove very detrimental to the technical program. 
Those interviewed also stressed that the programs must be up-to-date. 
The industries expected the technical schools to provide them with compe­
tent technicians in the field of electronics. Several suggestions were 
made to close the gap between education and industry. One suggestion was 
to establish a "released time" program in which the student would spend 
one day a week in industry. A second suggestion was for a "feed back" 
program which would provide information from industries as to the effec­
tiveness of the graduate so that immediate remedial steps could be taken 
by the technical schools to realign their programs with industry. 
Another concern mentioned by more than one person interviewed was 
the need for a governing board of control on the state level to coordinate 
the area programs. An alternative to this was an accrediting group as an 
impartial evaluator of the area programs. The industries felt this would 
save them much time and money in acquiring the type of qualified techni­
cians they desired and would eliminate the loss in hiring graduates of 
substandard programs. 
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As a final point, one prominent employer of technical school 
graduates analyzed the problem for the interviewer in the following way. 
Area technical schools have selected the highest caliber students they 
can get and have thus created a problem. These technical school graduates 
have a feeling of superiority which is false. This creates a problem of 
administration. In other words, this employer wanted an electronic 
technician who was willing to work on a job even if the technician felt 
it was below his dignity. 
/ -
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SUMMARY AND CONCLUSION 
The development of the area vocational school concept in Iowa has 
created a need for research to provide data on which to develop sound 
educational programs. Funds were made available for this study through 
the combined efforts of the Iowa Department of Public Instruction of 
Vocational Education and Iowa State University. 
This study, with the purpose of contributing data to meet the 
research need, had the following objectives: 
1. To determine the number of industries in Iowa which employed 
electronic technicians or may do so in the future. 
2. To determine the skills and knowledge which the industries 
desired their electronic technicians to possess. 
3. To determine the number of electronic technicians needed to meet 
the present and future needs of Iowa industries. 
k. To determine the present sources of electronic technicians 
being hired by Iowa industries. 
In order to fulfill these objectives, a postal card questionnaire 
was mailed to 678 manufacturing and processing industries in Iowa whose 
names were obtained from the Northern Natural Gas Company of Omaha, 
Nebraska. One hundred and fifteen industries, to which the study applied, 
completed the main questionnaire which, along with personal interviews, 
provided the data and supporting information for this study. 
The manufacturing industries in this study employed a total of 
99,0^+5 persons. A majority of the employees were located in industries 
employing over 1,000 persons. Forty-seven and eight-tenths percent of the 
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industries in the study were located in areas IX, X, and XI. Forty and 
eight-tenths percent of the industries were located in four counties. 
Sixty percent of the industries were engaged in manufacturing in the three 
Standard Industrial Classifications of: l) food and kindred products; 
2) machinery except electrical; and 3) electrical machinery, equipment, 
and supplies. 
There was a proportionally greater need for electrically trained 
personnel than for all other workers as a group. ^ The percentage increase 
needed for various electrically trained personnel from January I967, to 
January 1968, was: l) electricians, 17.1^; 2) electronic technicians, 
16.1^ ; 3) other electrically trained personnel, 11.2%; and 4) electrical 
engineers, lO.k^o. The predicted percentage increase needed for all employ­
ees in the reporting industries was 6.2%. The greatest needs expressed as 
a percentage of the present employment were found to be in the 251-500 
employee size classification. 
The industries reported that 205 electronic technicians were needed 
by January 1, I968. Ninety-four of the II5 industries reported that by 
1972, 5^4 electronic technicians would be needed. 
A large majority of the technicians were employed in the electrical 
machinery, equipment, and supplies manufacturing industries; and they had 
the greatest needs for additional technicians. The food and kindred 
products industries employed a total of 19,978 workers but no electronic 
technicians. Area X needs were 59% of the total reported for electronic 
technicians. 
The main source of technicians was in-company training programs. The 
second most frequently used source was technical schools. 
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A wide variety of terms were used by the industries to describe 
personnel doing technician work. Electrician was the most frequently used 
term and was used by of the industries. 
Algebra and trigonometry were the only mathematics topics of any 
significance for electronics technicians. 
The basic principles of physics which were rated highest were simple 
machines, work and power, forces, and motion. The physics principle 
listed which was closest to electricity, electro-acoustics, received the 
lowest rating. 
Shop operations and related information as a group, along with 
principles of physics and technical drawing, rated rather high. Soldering 
was the operation rated highest followed in importance by drilling, 
measuring with micrometers, sheetmetal fabrication and the various types 
of welding. 
Blueprint reading ranked number one in importance of technical drawing 
topics for electronic technicians. Electronic symbols was rated second 
high. Next in the order of importance were schematic diagram simplifica­
tion, electronic circuit drawing, dimensioning, and sketching. 
Series, parallel, and combination circuits, circuit laws, and genera­
tors and motors were considered to be the most important of the a-c and 
d-c circuits and machines topics in the study. The more complex topics 
ranked lower. 
The four highest rated electronic components and circuits topics in 
the study were a-c and d-c power supplies, power supply regulation, semi­
conductor diodes, and transistors. Communication topics, in general, were 
at the bottom of the list. 
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In the category of use and repair of test equipment for electronic 
technicians, a-c and d-c voltmeters, a-c and d-c ammeters, and ohmmeters 
ranked first, second, and third followed by wattmeters and vacuum tube 
voltmeters. Many of the more specialized test equipment topics rated 
rather low. 
The topics in the TV circuits category rated very low, and the data 
processing topics did not rate much higher. 
Several noticeable trends appeared when the data were analyzed by 
size, product manufactured, term used, and area in which the industries 
were located. In general the larger industries rated the importance of 
most items higher than the smaller industries. 
The importance of the various topics was somewhat varied when the data 
were presented by the product manufactured by the responding industries. 
Mathematics was rated highest by the fabricated metal products manufacturers 
while the highest ratings for basic principles of physics and technical 
drawing were by ordnance and accessories and professional, scientific, and 
controlling instruments manufacturing industries. For the electrical topics 
the highest ratings were not given by the electrical machinery, equipment, 
and supplies manufacturing industries, as might have been expected, but 
were distributed among the other manufacturing industries. 
The most noticeable point when the data were presented by electrically 
trained employees in the industries was that the importance of mathematics 
and the electrical and electronic topics were rated higher for the techni­
cians than for the electrical engineers. 
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From this study the following conclusions were drawn: 
1. The manufacturing industries of Iowa have a definite need for 
well trained persons in the field of electronics. 
2. The training needs vary with the size of the industry, product 
manufactured, and geographical location. 
3. It is very difficult for industries to predict the number of 
additional employees needed beyond one year. 
k. The main source of technically trained electrical personnel is 
in-company training programs. 
5. There is a lack of agreement as to terminology used to describe 
technically trained electrical personnel in manufacturing 
industries. 
As for further studies related to this one, it was felt that similar 
studies should be conducted for electronic technicians in the communica­
tions industries and the computer servicing industries. 
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Postal Card Questionnaire 
10^. 
Dear Sir: 
With the cooperation of Iowa State University and the State 
Department of Public Instruction, a study is being conducted to 
determine Iowa industries' needs for adequately trained person­
nel in the field of electronics. 
Your cooperation is desired in completing the attached card 
and returning it at your earliest convenience. The purpose of 
the questionnaire is to determine whether your company should be 
included in the study and who in your company should be contac­
ted for additional information. When answering the questions, 
please keep in mind the expanding applications of electronics 
and how they may effect your operation in the next five years. 
Thank you for your cooperation. 
Lowell L. Carver, Chairman Gary/D. Weede, Instructor 
Industrial Education Industrial Education 
Iowa State University 
Total 
Do You Employ; No Yes No. Person in Charge 
Electrical Engineers.... ; 
Electricians .##.###*... 
Electronic Technicians 





4. Sales and/or 
Technical 
Representative ____ — 
5. Other 
No Yes 




I O W A  S T A T E  U N I V E R S I T Y  
O F  S C I E N C E  A N D  T E C H N O L O G Y  
Ames, Iowa 50010 
D E P A R T M E N T  O F  E D U C A T I O N  December 15, 1966 
Dear Sir: 
By information obtained through a post card questionnaire 
returned from your company, it was decided that additional 
information would be a valuable contribution to the study being 
conducted. 
The study is titled. Electronic Technician Personnel and 
Training Needs of Iowa Industries. Its purpose is to determine 
the skills and knowledge which industries desire their incoming 
technicians to possess and the number of trained persons expec­
ted to be needed in the next few years. This information will 
be used by the newly established area vocational schools and 
other interested groups in fulfilling the demands of Iowa indus­
tries . 
The study is supported by Iowa State University and the 
State Department of Public Instruction with the cooperation of 
the Center for Industrial Research. It is extremely important 
for us to receive a few minutes of your valuable time to return 
this completed questionnaire. 
All information is strictly confidential. All participants 
will receive a summary of the finding, if they so desire. 
If, for some reason, you feel the subject matter of this 
questionnaire does not concern your company, please return the 
blank questionnaire immediately with a brief explanation. This 
will be greatly appreciated in order to save time and expense 
for both of us. 
Lo\ 
In( 
Iowa State University 
ELECTRONICS TECHNOLOGY QUESTIONNAIRE 
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Assume ail electronic technology students will have a good high school background or 
equivalent experience and knowledge. 
Answer the following questions or statements according to 
fession. 
III. 
RATING SCALE (Check (vO the most 
appropriate rating) 
1 - Very little importance 
2 - Background only 
3 - Desirable 
4 - Highly desirable 
5 - Essential 
Rating 
Scale A.C. and 
Machines 
D.C. Circuits and 
Series and parallel circuits 
Combination circuits 
Inductive reactance, reson­







Generators and motors 
1 .  




6 .  
7. 






II. Technical Mathematics 
1. Algebra 
2. Trigonometry 
3. Analytical geometry 
4. Vector Algebra 
5. Differentiation 
6. Integration 
7. Logarithmic and exponential 
functions 
8.. Hyperbolic functions 
9. Bolean algebra 
10. Binary notation 
11. La place transforms 





1 2 3 4 5 
1 2 3 4 5 
1 .  




6 .  
7. 








1 .  




6 .  
7. 













their value to your pro-
Basic Principles of Physics 
Forces 
Motion 
Work and power 
Simple machines 
Strength of materials 
Fluids (Hydraulics and 
pnumatics) 
Electro-acoustics 
Heat and thermodynamics 
Wave propagation 
Light, lenses and colormetry 
Physical chemistry of metals 
Electronic Components and 
Circuits 
AC and DC power supplies 
Power supply regulation 
Audio amplifiers 








d. Unijunction transistors 








Vacuum tube circuit analysis 
Vacuum tube circuit design 
Switching circuit analysis 
Switching circuit design 
(multivibrators, free running 
flip-flops, Schmidt triggers 
etc.) 
Antennas and antenna systems 
Waveguides 
Use and repair of test equip­
ment 
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AC and DC ammeters 
AC and DC voltmeters 
Wattmeters 
Vacuum tube voltmeters 
Ohmmeters 
Oscilloscopes 
DC bridges such as wheat 
stone bridges 
Signal generators below 
microwave frequencies 
Wave form generators 
Function generators 
Microwave signal generators 
AC bridges for measurement 
of inductance, cap. 
Tube or transistor testers 
Counters 
Modulators and demodulators 
Ratiometers 
Q meters 




Variable frequency bandpass 
Shorting stubs and' other wave 
guide loads 
Interpolation oscillators 
Precision frequency measuring 
equipment 
Voltage and current standard­
izing equipment 
VII. Technical Drawing 
1 .  
























2 6 .  
27. 
2 8 ,  
29. 
VI. Shop Operations and Related 
Information 
1 ,  



















Electronic circuit drawing 
Reproduction of drawings 






VIII. TV Circuits 
1 2 3 4 5 
2|3|4|5 
1. Picture transmission 
2. Pulse limiters, sweep 
generators 




IX. Data Processing 
1. Computer logic 
2. Computer peripheral equipment 
a. Teletype 
b. Tape and recording equip­
ment 




1 .  




























What is/are your major product(s)? 
1. 2. 3. 
What term(s) is/are used in your company to refer to your employees who perform 
the jobs which require the skill listed in the first part of the questionnaire? 
From which sources do you obtain these employees listed in question #2? 
(Please list 1st, 2nd, and 3rd.) 
Technical schools Other companies 
Military service Other (Please list) 
In-company training 
program 



















Employed January 1, 1965 
Now Employed 
Expected to be Needed 1 Year Hence 
Expected to be Needed 5 Years Hence 
What are your immediate vacancies? 
Total number 
Type of work or job title 




First Follow-up Letter 
Ill 
I O W A  S T A T E  U N I V E R S I T Y  
O F  S C I E N C E  A N D  T E C H N O L O G Y  
A m e s ,  I o w a  5 0 0 1 0  
DEPARTMENT OF EDUCATION January 2$, 1967 
Dear Sir: 
Several weeks ago you should have received the accompaning 
questionnaire with a request that you complete and return it. 
We're sorry that we haven't received your reply. 
Your company has been selected from the 678 largest manu­
facturers in Iowa to participate in this important study. The 
number has now been narrowed to 110. From previous correspon­
dence, it was determined that the content of the study was rela­
tive to your operation or would be in the future. 
The study is supported by Iowa State University and the 
State Department of Public Instruction with the cooperation of 
the Center for Industrial Research. Many educators and indus­
trial personnel are anxiously awaiting the results. 
All information is strictly confidential, and those parti­
cipating will receive a summary of the findings. 
It would be appreciated if you would answer the question­
naire and return it at your earliest convenience. If you feel 
the subject matter does not concern your company, please return 
the blank questionnaire immediately. This will save time and 
expense for both of us. 
We anxiously await your immediate reply. 
Sincerely yours. 
Lowell II. Carver, Chairman 
Industrial Education 
Gary D. Weede 
Industrial Education 
Iowa State University 
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Second Follow-up Letter 
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I O W A  S T A T E  U N I V E R S I T Y  
O F  S C I E N C E  A N D  T E C H N O L O G Y  
A m e s ,  I o w a  5 0 0 1 0  
DEPARTMENT OF EDUCATION FsTDrUary 28, 1^6? 
Dear 
A check of the master list of returned questionnaires deal­
ing with Iowa's need for adequately trained electrical personnel 
has indicated we do not, as yet, have your completed questionnaire. 
As you may well know, research studies such as this one are 
of limited value when the data is incomplete. In this case, we 
are completely dependent upon your cooperation to make this study 
valid and reliable. We are quite anxious to code the data for 
the computer, and this can only he done when the return is com­
plete. Inquiries are received each day from persons anxiously 
awaiting the results of this study. 
We realize your time is valuable and limited, hut your res­
ponse is extremely important to us. Would you kindly take a few 
minutes now to complete the questionnaire and mail it in the re­
turn envelope before March 4, I967? 
Thank you for your time and efforts. You will receive a 
summary of the results. 
Sincerely yours. 
Gary D. Weede 
206 Industrial Education Building 
GDW:cj 
ll4 
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Figure 1. Map of the merged areas in Iowa, I966-67 
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Tables by Merged Areas 
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Table It?. Importance of mathematics for electronic technicians by merged area 
Topic I II III IV V ra VII VIII n X XI XII XIII XIV XV XVI 
Algebra 3.00 5.00 2.50 3.50 3^0 4.00 3.40 3.67 4.08 3.64 3.67 4.50 3.00 4.4o 4.22 
Trigonometry 2J3 3.57 4.50 1,00 3.25 3J3 3.86 3.40 3.67 3.58 3.64 3^% 4.50 1.00 4.20 4.22 




1.00 2.43 3.50 2^W 1.37 2.83 2.71 2^0 2.33 2.25 2.52 2.00 3.50 1.00 2.80 2.67 
Vector algebra 1.67 3^0 2,50 1.00 2.12 2.17 3.14 2.00 2.33 1.92 2.44 2.67 2.00 1.00 3.00 2.33 
Elementary statistical 
analysis 
2.00 2.43 2.00 1.00 1.62 1.83 2.71 2^0 1.78 1,83 2.04 1.67 1.00 1.00 2.20 2.56 
Binary notation 1.00 1.86 1.00 1.00 1.50 1.67 2^9 1.60 2.50 2.08 2.04 1.67 2.00 1.00 2.20 2.11 
Differentiation 1.00 2.00 1.50 1.00 1.75 2.00 2.00 1.80 1.94 1.75 1.88 2.33 2.00 1.00 2.60 2.00 
Integration 1.00 1.86 1.50 1.00 1.50 2.00 1.57 1.60 1.89 1.75 1.88 2.00 2.00 1.00 2.60 2.00 
Bootean algebra 1.00 1.43 1.00 1.00 1.25 1.67 2.00 1.80 2.06 1.67 1.72 1.67 2.00 1.00 2.40 2.00 
Laplace transforms 1.00 1.43 1.50 1.00 1.37 1.33 1.57 1.60 1.67 1.42 1.00 1.67 1.50 1.00 2,00 1.44 
Hyperbolic functions 1.00 1.86 2.50 1.00 1.37 1.50 1.29 1.60 1.83 1.42 1.76 2.00 1.50 LOO 2.60 1.56 
ÏÏ 3 7 2 2 8 6 7 5 18 12 25 3 2 1 5 9 
Tatle 48. Importance of tasic principles of physics for electronic technicians by merged area 
Topic I II III IV 7 VI VII VIII IX X XI XII XIII XIV XV XVI 
Simple machines 3.33 Loo 4.50 2.50 3.75 4.17 4.43 2.60 3.72 3.50 3.72 3.33 3.00 3.00 4.20 4.33 
Work and power 2.33 3.86 4.00 1.50 3.37 3.83 3.86 3.00 3.56 3.67 3.60 3.33 3.00 3.00 4.20 4.00 
Forces 2.33 3.57 4.50 1.00 3.37 3.33 3.71 3.00 3.78 3.58 3.32 3.33 2.50 3.00 4.20 4.00 
Motion 2.33 3.43 3.50 1.50 3.13 3.33 3.71 3.00 3.72 3.67 3.24 3.33 2.50 3.00 4.20 4.00 
Fluids 2.6? 3.57 3.00 1.00 3.00 3.00 3.86 3.00 3.44 2.83 3.00 3.67 2.00 3.00 4.60 2.89 
Strength of materials 2.33 3.14 2.50 1.00 3.13 2.67 3.29 2.40 2.67 2.92 3.12 3.33 2.50 3.00 4.00 2.89 
Heat and thermo­
dynamics 
2.33 3.43 3.00 1.00 1.88 3.00 3.14 3.00 2.50 2.67 2.76 3.67 2.50 LOO 3.20 2.33 
Physical chemistry 
of metal 
2.00 2.29 3.50 1.00 1.75 2.33 2.57 2.80 1.89 1.83 2.52 3.67 3.00 1.00 ' 3^60 2.00 
Light, lenses, and 
colormetry 
2.00 1.86 3.00 1.00 2.00 1.50 2.00 1.80 2.22 1.67 2.48 2.33 1.50 1.00 2.80 2.11 
Wave propagation 1.33 1.57 2.00 1.50 1.62 1.50 2.14 1.00 1.89 2.50 2.28 2.67 2.50 1.00 2.60 2.22 
Electro-acoustics 2.33 1.57 2.50 1.50 1.37 1.33 2.57 1.20 2.17 2.33 1.96 2.00 1.50 LOO 2.80 2.00 
H 3 7 2 2 8 6 7 5 18 12 25 3 2 1 5 9 
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Table h9. Importance of shop operations and related information for electronic tech 
Topic I II III IV V VI VII VIII IX X 
Soldering 4^33 4.29 5.00 5.00 4.12 4.33 3.57 3.80 4.56 4.58 
Drilling 4.33 4.14 5.00 3.50 4.38 4.00 3.43 . 3.60 3.39 4.1? 
Measuring with 
micrometers 
3.67 3.86 5.00 3.50 4.25 4.17 3.86 4.00 3.56 3.8: 
Sheetmetal fabrication 3.67 3.71 3.50 2.50 3.87 3.33 3.14 3.40 2.94 3.61 
Arc welding !+.00 3.43 4.00 3.50 3.62 4.17 3.43 3.40 3.00 3.0( 
Spot welding 4.33 3.71 4.00 2.50 4.00 4.33 3.00 3.20 2.89 3.11 
Oxyacetylene welding 3.67 3.43 3.00 2.50 3.62 4.17 3.57 3.00 2.72 3.li 
Boring 3.67 3.57 3.00 1.50 3.75 3.83 3.14 3.60 2.89 3.# 
Facing 3.33 3.57 3.00 1.00 3.13 3.67 3-14 3.60 2.89 2.9: 
Turning 3.33 3.29 4.00 1.50 3.25 3.67 3.14 3.60 2.89 3.01 
Milling 3.67 3.29 3.50 1.50 4.38 3.50 3.14 3.60 2.67 2.9 
Shaping 3.33 3.71 2.50 1.00 2.87 3.67 3.29 3.20 2.67 2.8 
N 3 7 2 2 8 6 7 5 18 12 
19 
on8 and related information for electronic technicians "by merged area 
II IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
.00 5.00 4.12 4.33 3.57 3.80 4.56 4.58 3.96 4.67 5.00 4.00 4.20 4.44 
.00 3.50 4.38 4.00 3.43 . 3.60 3.39 4.17 3.44 3.67 5.00 4.00 3.60 4.00 
.00 3.50 4.25 4.17 3.86 4.00 3.56 3.83 3.08 3.67 5.00 4.00 3.80 4.11 
;.50 2.50 3.87 3.33 3.14 3.40 2.94 3.67 3.16 3.67 4.00 4.00 3.60 3.44 
.00 3.50 3.62 4.17 3.43 3.40 3.00 3.00 3.40 3.67 2.00 4.00 3.40 2.67 
.^00 2.50 4.00 4.33 3.00 3.20 2.89 3.17 2.92 3.67 4.50 4.00 3.60 3.11 
;.oo 2.50 3.62 4.17 3.57 3.00 2.72 3.17 3.20 3.67 3.00 4.00 3.60 2.78 
;.oo 1.50 3.75 3.83 3-.14 3.60 2.89 3.00 2.56 3.67 4.00 4.00 3.40 3.11 
3.00 1.00 3.13 3.67 3-14 3.60 2.89 2.92 2.48 3.67 4.00 4.00 3.40 3.11 
1.00 1.50 3.25 3.67 3.14 3.60 2.89 3.00 2.60 3.67 4.00 4.00 3.40 3.11 
3.50 1.50 4.38 3.50 3.14 3.60 2.67 2.92 2.48 3.67 4.00 4.00 3.40 3.11 
2.50 1.00 2.87 3.67 3.29 3.20 2.67 2.83 2.44 3.67 4.00 4.00 3.40 3.11 
2 2 8 6 7 5 18 12 25 3 2 1 5 9 
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Table 49. Importance of shop operations and related information for electronic technicians by merged area 
Topic I II III IV V VI VII VIII n X XI XII XIII XIV XV XVI 
Soldering 4.33 $.00 5.00 4.12 4<G 3.57 3.80 4.56 4.58 3.96 4^^ 5.00 4.00 4.20 4.44 
Drilling if.lif 5.00 4.38 4xw 3.43 3.60 3.39 4.17 3.44 3.67 5.00 4.00 3.60 4.00 
Measuring with 
micrometers 
3.67 3.86 $.00 3J0 4.25 4.17 3.86 4.00 3.56 3.83 3.08 3.67 $.00 4.00 3.80 4.11 
Sheetmetal fabrication 3.67 3.71 3J0 2J0 3.87 3J3 3.14 3.40 2.94 3.67 3.16 3^7 4.00 4.00 3.60 3.44 
Arc welding Loo 3A3 4.00 3J0 3^2 4.17 3Jj 3.40 3.00 3.00 3.40 3.67 2.00 4.00 3.40 2.67 
Spot welding 4.33 3.71 4.00 2.50 4.00 4J3 3.00 3^0 2.89 3.17 2.92 3.67 4^w 4.00 3.60 3.11 
Oxyacetylene welding 3.67 3.43 3.00 2.50 3.62 4.17 3.57 3.00 2.72 3.17 3.20 3.67 3.00 4.00 3.60 2.78 
Boring 3.67 3.57 3.00 1.50 3.75 3.83 3.14 3.60 2.89 3.00 2.56 3.67 4.00 4.00 3.40 3.11 
Facing 3J3 3.57 3.00 LOG 3.13 3.67 3.14 3.60 2.89 2.92 2.48 3.67 4.00 4.00 3.40 3.11 
Turning 3J3 3.29 4.00 1.50 3.25 3.67 3.14 3.60 2.89 3.00 2^0 3.67 4.00 4.00 3.40 3.11 
Milling 3.67 3.29 3.50 1.50 4.38 3.50 3.14 3.60 2.67 2.92 2.48 3.67 4.00 4.00 3.40 3.11 
Shaping 3J3 3.71 2.50 1.00 2.87 3.67 3.29 3.20 2.67 2.83 2.44 3.67 4.00 4.00 3.40 3.11 
If 3 7 2 2 8 6 7 5 18 12 25 3 2 1 5 9 
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Table 50- Importance of technical drawing for electronic technicians "by merge 
Topic I IÏ III IV V VI VII VIII IX 
Blueprint reading 4.33 4 .29 5.00 5.00 4 .25 3.67 4.71 4.40 4.3 
Electronic symbols 4.00 3.86 5.00 5.00 4.25 2.83 4.14 3.40 3.5 
Schematic diagram 
simplification 
3.67 4.57 3.00 3.50 3.87 2.67 4.57 3.40 3.E 
Electronic circuit 
drawing 
4 .00 3.71 4 .50 3.00 4.25 2.33 4.14 3.00 3.5 
Dimensioning 3.00 4.14 4.00 3.50 3.37 3.17 4.14 4.00 3.6 
Sketching 1.67 3.71 3.00 4.50 3.50 3.50 4.29 3.80 3.é 
Charts and graphs 3.33 3.57 3.50 4.00 3.75 3.33 3.86 3.00 3.5 
Pictorial drawings 2.67 3.57 3.50 3.50 3.37 3.33 3.71 3.40 3.: 
Theory of projection 2.67 3.43 4.00 3.50 3.13 3.33 3.86 3.00 3-
Reproduction of drawings 3'33 2.43 3.00 3.50 3.75 2.33 3.57 3.80 2A 
Technical illustrating 3.67 2.57 1.50 3.00 3.25 2.17 3.57 3.00 2J 
Fasteners 2.67 3.14 3.00 2.50 2.75 3.33 3.71 3.00 2J 
E 3 7 2 2 8 6 7 5 11 
ng for electronic technicians by merged area 
IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
' 5.00 4.25 3.67 4.71 4.40 4.39 4.42 4.16 4.00 5.00 4.00 4.80 4.67 
1 5.00 4.25 2.83 4.14 3.40 3.94 4.25 3.60 3.67 4.50 3.00 3.80 4.44 
' 3.50 3.87 2.67 4.57 3.40 3.83 4.00 3.32 4.00 4.50 3.00 3.20 4.44 
) 3.00 4.25 2.33 4.i4 3.00 3.94 4.17 3.28 3.67 4.50 4.00 3.60 4.22 
) 3.50 3.37 3.17 4.i4 4.00 
) 4.50 3.50 3.50 4.29 3.80 
) 4.00 3.75 3.33 3.86 3.00 
) 3.50 3.37 3.33 3.71 3.40 
) 3.50 3.13 3.33 3.86 3.00 
3 3.50 3.75 2.33 3.57 3.80 
3 3.00 3.25 2.17 3.57 3.00 
3 2.50 2.75 3.33 3.71 3.00 
2 8 6 7 5 18 12 25 
3.61 3.67 3.48 3.67 5.00 
3.67 4.42 3.44 4.00 5.00 
3.50 3.08 2.96 3.67 4.50 
3.39 3.67 3.00 3.67 4.00 
3.28 3.00 3.06 3.67 5.00 
2.83 2.83 2.48 3.67 4.50 
2.67 3.25 2.80 4.00 4.50 
2.61 2.33 2.52 3.33 5.00 
3.00 4.40 3.89 
3.00 3.60 3.78 
3.00 3.20 3.67 
1.00 4.00 3.33 
3.00 3.60 2.78 
3.00 4.00 2.44 
3.00 3.00 2.89 
1.00 4.40 2.22 
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Table 50. Importance of technical drawing for electronic technicians by merged area 
Topic I 11 III IV V n VII VIII IX X XI XII XIII nv XV XVI 
Blueprint reading 4.33 4.29 5.00 5.00 4.25 3.67 4.71 4.40 4.39 4.42 4.16 4.00 5.00 4.00 4.80 4.67 
Electronic symbols 4.00 3.86 5.00 $.00 4.25 2^% 4.14 3.40 3.94 4.25 3.60 3.67 4.50 3.00 3.80 4.44 
Schematic diagram 
simplification 
3.67 4.57 3^W 3^0 3.&7 &67 4.57 3.40 3.83 4.00 3.32 4.00 4.50 3.00 3.20 4.44 
Electronic circuit 
drawing 
Loo 3.71 4.50 3.00 4.25 2.33 4.l4 3.00 3.94 4.17 3.28 3.67 4.50 4.00 3.60 4.22 
Dimensioning 3.00 4.14 4.00 3.50 3.37 3.17 4.l4 4.00 3.61 3.67 3.48 3.67 5.00 3.00 4.40 3.89 
Sketching 1.67 3.71 3.00 4.50 3J0 ï,50 4.29 3.80 3.67 4.42 3.44 4.00 5.00 3.00 3.60 3.78 
Charts and graphs 3.33 3.57 3.50 4.00 3.75 3^3 3.86 3.00 3.50 3.06 2.96 3.67 4.50 3.00 3.20 3.67 
Pictorial drawings 2.67 3.57 3.50 3.50 3.37 3^3 3.71 3.40 3.39 3.67 3.00 3.67 4.00 LOO 4.00 3.33 
Theory of projection 3.43 4.00 3.50 3.13 3J3 3.86 3.00 3.28 3.00 3.08 3.67 5.00 3.00 3.60 2.78 
Reproduction of drawings3-33 2.43 3.00 Ï.50 3.75 2J3 3.57 3.80 2.83 2.83 2.48 3.67 4.50 3.00 4.00 2.44 
Technical illustrating 3.67 2.57 1.50 3.00 3^5 2.17 3.57 3.00 2.67 3.25 2.80 4.00 4.50 3.00 3.00 2.89 
Fasteners 2.67 3.14 3.00 2.50 2.75 3.33 3.71 3.00 2.61 2.33 2.52 3.33 5.00 1.00 4.4o 2.22 
H 3 7 2 2 8 6 7 5 18 12 25 3 2 1 5 9 
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Table $1. Importance of a-c and d-c circuits and machines for electronic technician 
Topic I II III IV V VI VII VIII IX X 
Series and parallel 
circuits 
4.33 4.29 5.00 4.00 4.38 3.83 4.71 3.80 4.33 4.5c 
Combination circuits 4.00 4.14 4.50 4.00 4.38 3.83 4.29 3.20 4.22 4.5( 
Circuit laws 4.00 4.l4 3.00 3.00 4.50 3.38 4.57 3.80 3.78 4.0( 




3.00 3.86 3.00 4.00 3.87 3.67 4.29 3.60 3.94 4.CK 
Multiphase systems 2.00 3.86 4.00 1.50 3.75 3.50 3.71 3.20 3.78 2.9: 
Integrating circuits 2.00 2.43 1.00 1.50 2.87 2.50 3.29 1.80 2.89 3.O' 
Differentiating circuits2.00 2.29 1.00 1.50 2.75 2.17 3.57 1.80 2.83 3.0 
Transient analysis 1.67 1.71 2.00 1.50 2.62 2.17 2.1+3 2.20 2.61 2.8 
Vector analysis 1.67 2.00 2.50 1.50 2.62 2.17 2.86 2.00 2.61 2.4 
N 3 7 2 2 8 6 7 5 
OJ 1—1 00 1—! 
rcuits and machines for electronic technicians hy merged area 
IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
0 4.00 4.38 3.83 4.71 3.80 4.33 4.50 4.40 4.00 4.50 4.00 4.80 4.44 
0 4.00 4.38 3.83 4.29 3.20 4.22 4.58 4.08 4.00 4.50 4.00 4.80 4 .33 
10 3.00 4.50 3.38 4 .57 3.80 3.78 4.00 3.60 4 .33 3.00 1.00 3.60 4.00 
'0 4.00 4.75 3.50 3.57 3.20 3.78 3.17 4.12 4.00 3.00 4.00 4.20 3.33 
)0 4.00 3.87 3.67 4.29 3.60 3.94 4.00 3.48 4.00 3.00 1.00 4.00 4.00 




2.92 3.28 3.33 1.00 1.00 3.60 2.78 






2.56 3.33 1.50 1.00 2.20 3.11 
DO 1.50 2.75 2.17 3.57 1.80 2.83 3.08 2.48 3.33 1.50 1.00 2.20 3.11 
DO 1.50 2.62 2.17 2.43 2.20 2.61 2.83 2.24 3.00 1.50 1.00 2.80 2.78 
;0 1.50 2.62 2.17 2.86 2.00 2.61 2.42 2.20 3.33 1.00 1.00 3.20 2.56 
2 8 6 7 5 18 12 25 3 2 1 5 9 
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Table 51. Importance of a-c and d-c circuits and machines for electronic technicians by merged area 
Topic I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
Series and parallel 
circuits 
i33 5.00 4.00 4,38 3.83 4.71 3.80 4.33 4,50 4.40 4,00 4.50 4.00 4.80 4,44 
Combination circuits 4.00 Li4 4.50 4.00 4j8 3.83 4.29 3^0 4.22 4.58 4.08 4.00 4.50 4.00 4.80 4,33 
Circuit laws Loo h.lk 3^0 3.00 4.50 3^8 4.57 3.80 3.78 4.00 3.60 4.33 3.00 1.00 3.60 4.00 




3.00 3.86 3.00 4,00 3^7 3^7 4,29 3.60 3.94 4.00 3.48 4.00 3.00 1.00 4,00 4,00 
Multiphase systems 2,00 3.86 4.00 1.50 3.75 3.50 3.71 3.20 3.78 2.92 3.28 333 1,00 1,00 3.60 2.78 
Integrating circuits 2.00 2A3 1.00 1.50 2.87 2.50 3.29 1.80 2.89 3.00 2^d 333 1,50 1,00 2.20 3.11 
Differentiating circuits2.00 2.29 1.00 1.50 2.75 2.17 3.57 1.80 2.83 3.08 2.48 333 1,50 1.00 2.20 3.11 
Transient analysis 1.67 1.71 2.00 1.50 2.62 2,17 2.43 2^0 2.61 2.83 2,24 3.00 1.50 1,00 2.80 2.78 
Vector analysis 1.67 2,00 2.50 1,50 2.62 2.17 2.86 2.00 2,61 2.42 2.20 3.33 1.00 1.00 3.20 2.56 
If 3 7 2 2 8 6 7 5 18 12 25 3 2 1 5 9 
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Table 52. Importance of electronic components and circuits for electronic techni 
Topic I II III IV V VI VII VIII IX 
A-C and d-c power 4.33 
supplies 
4.57 5.00 3.00 4.62 3.17 4.71 3.60 4.22 k 
Power supply regulation 4.33 4.71 3.00 3.00 4.25 3.33 4.71 3.00 4.11 1 
Diodes (semiconductor) 2.67 3.29 5.00 2.50 3.25 2.67 4.00 3.00 3.89 : 
Transistors 2.33 3.00 4.50 2.50 3.25 2.67 4.00 3.00 3.89 : 
(semiconductor) 
Diodes (vacuum tube) 2.67 3.14 5.00 1.50 3.13 2.50 4.00 2.80 3.67 
SCR's (semiconductor) 2.33 2.86 3.50 2.50 3.13 2.33 3.57 3.00 3.72 
Triodes (vacuum tube) 2.67 2.86 5.00 1.50 3.13 2.00 4.00 3.40 3.67 
Switching circuit 2.00 2.57 2.50 2.00 2.87 2.50 4.00 3.00 3.50 
analysis 
Tetrodes (vaccum tube) 2.67 2.57 4.50 I.50 3.00 I.83 3-86 2.80 
Vacuum tube circuit 2.67 2.^3 3-00 2.00 3.I3 2.33 4.l4 3.20 
analysis 
Pentode (vacuum tube) 2.67 2.57 4.50 I.50 3.00 I.83 3*86 2.80 
Unijunction transistors 2.00 2.00 3.00 I.50 2.87 2.17 3.57 3.00 
(semiconductors) 
Field effect transistors 2.00 2.14 2.50 2.00 2.87 2.17 3-57 2.80 
(semi c onduc tors) 
Oscillator circuits 2.33 2.86 3.00 2.00 3.37 2.00 2.86 2.80 3.22 
Transistor analysis 1.33 2.29 2.50 1.50 2.62 2.17 3.86 2.60 3.33 
Audio amplifiers 2.67 3.14 3.50 2.00 3.50 2.00 2.71 2.20 2.78 
Switching circuit 
design 
1.67 2.14 2.50 1.50 2.00 2.00 3.57 2.00 3.17 
Radio frequency ampli­
fiers 
2.00 2.57 1.50 3.00 3.25 1.83 2.57 2.80 2.7f 
Vacuum tube circuit 
design 
2.00 2.29 3.00 2.00 2.62 1.67 3.14 2.00 2.91 
22 
omponents and circuits for electronic technicians merged area 
;ii IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
).00 3.00 4 .62 3.17 4.71 3.60 4.22 4.42 4.16 4 .33 4.50 4.00 4 .80 4 .56 
3.00 3.00 4.25 3.33 4 .71 3.00 4.11 4.17 3.76 4 .33 4.00 4.00 4.4o 4.44 
).00 2.50 3.25 2.67 4.00 3.00 3.89 3.92 3.36 3.33 4.50 1.00 4.4o 4.11 
^.50 2.50 3.25 2.67 4.00 3.00 3.89 3.92 3.24 3.33 4 .50 1.00 3.40 4.22 
5.00 1.50 3.13 2.50 4.00 2.80 3.67 3.42 3.16 3.67 2.50 1.00 4.00 4.11 
3.50 2.50 3.13 2.33 3.57 3.00 3.72 3.67 3.40 3.33 4.50 1.00 3.40 4.11 
5.00 1.50 3.13 2.00 4.00 3.40 3.67 3.42 3.16 3.67 2.50 1.00 3.80 3.89 
2.50 2.00 2.87 2.50 4.00 3.00 3.50 3.33 3.48 3.00 3.00 1.00 3.80 3.56 
4.50 1.50 3.00 1.83 3.86 2.80 3.50 3.42 3.04 3.67 2.50 l.CO 3.40 3.89 
3.00 2.00 3.13 2.33 4.14 3.20 3.44 3.33 3.00 3.67 2.50 1.00 3.20 3.89 
4.50 1.50 3.00 1.83 3.86 2.80 3.44 3.42 3.04 3.67 2.50 1.00 3.40 3.89 
3.00 1.50 2.87 2.17 3.57 3.00 3.44 3.33 3.12 3.33 3.50 1.00 3.40 3.78 
2.50 2.00 2.87 2.17 3.57 2.80 3.28 3.33 2.84 3.33 3.50 1.00 3.20 3.67 
3.00 2.00 3.37 2.00 2.86 2.80 3.22 3.42 2.44 3.33 4.00 1.00 3.40 3.44 
2.50 1.50 2.62 2.17 3.86 2.60 3.33 3.42 2.48 3.33 3.50 1.00 2.80 3.89 
3.50 2.00 3.50 2.00 2.71 2.20 2.78 3.17 2.60 3.33 3.50 1.00 3.00 3.78 
2.50 1.50 2.00 2.00 3.57 2.00 3.17 3.08 3.24 3.00 3.00 1.00 2.60 3.22 
1.50 3.00 3.25 1.83 2.57 2.80 2.78 2.92 2.32 3.33 3.00 1.00 2.80 3.44 
3.00 2.00 2.62 1.67 3.14 2.00 2.94 2.50 2.64 3.00 2.50 1.00 2.60 3.22 
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Table 52. Importance of electronic components and circuits for electronic technicians merged, area 
Topic I II III IV V VI VII nil U X XI XII XIII XIV XV XVI 
A-C and d-c power 4.33 ^-57 5-00 3.00 4.62 3.17 4.71 3.60 4.22 4.42 4.l6 4.33 4.50 4.00 4.80 4.56 
supplies 
Power supply regulation 4.33 4,71 3-00 3.OO 4.25 3-33 4.71 3-00 4.11 4.17 3-76 4.33 4.00 4.00 4.40 4.44 
Diodes (semiconductor) 2.6? 3.29 $.00 2.5O 3.25 2.6? 4.00 3.OO 3.89 3.92 3.36 3.33 4.50 1.00 4.40 4.11 
Transistors 2.33 3-00 4.50 2.50 3.25 2.67 4.00 3.00 3.89 3-92 3-24 3-33 4.50 1.00 3.40 4.22 
(semiconductor) 
Diodes (vacuum tube) 2.6? 3.14 5.00 I.50 3.I3 2.5O 4.00 2.80 3.67 3.42 3.I6 3.67 2.50 1.00 4.00 4.11 
SCR's (semiconductor) 2.33 2.86 3.50 2.50 3.13 2.33 3-57 3-00 3.72 3.67 3.40 3.33 4.50 1.00 3.40 4.11 
Triodes (vacuum tube) 2,67 2.86 5.00 I.50 3.I3 2.00 4.00 3.40 3.67 3.42 3.16 3.67 2.50 1.00 3.8O 3.89 
Switching circuit 2.00 2.57 2.50 2.00 2.8? 2.50 4.00 3,00 3.5O 3.33 3.48 3.OO 3.OÛ 1.00 3.8O 3.56 
analysis 
Tetrodes (vaccum tube) 2.6? 2.57 4.50 I.50 3.OO I.83 3.86 2.80 3-50 3-42 3.04 3.67 2-50 LOO 3-40 3.89 
Vacuum tube circuit 2.6? 2.43 3-00 2.00 3.13 2.33 4.l4 3-20 3.44 3-33 3.00 3.67 2.50 1.00 3.2O 3.89 
analysis 
Pentode (vacuum tube) 2.6? 2.57 4.50 I.50 3.00 I.83 3.86 2.80 3.44 3.42 3-04 3.67 2.50 1.00 3.40 3.89 
Unijunction transistors 2.00 2.00 3.00 I.50 2.87 2.17 3.57 3.00 3.44 3.33 3.12 3.33 3.50 1.00 3.40 3.78 
(semiconductors) 
Field effect transistors2.00 2.14 2.5O 2.00 2.8? 2.17 3-57 2.80 3.283,33 2.84 3-33 3.50 1.00 3.20 3.67 
(semiconductors) 
Oscillator circuits 2,33 2.86 3.00 2.00 3-37 2.00 2.86 2.80 3.22 3.42 2.44 3.33 4.00 1.00 3.40 3.44 
Transistor analysis 1.33 2.29 2.50 I.50 2.62 2.17 3.86 2.60 3.33 3-42 2.48 3-33 3-50 1.00 2.80 3.89 
Audio amplifiers 2.67 3.14 3-50 2.00 3-50 2.00 2.71 2.20 2.78 3.17 2.60 3-33 3-50 1.00 3-00 3.78 
Switching circuit I.67 2.14 2,50 1,50 2,00 2.00 3.57 2.00 3.I7 3.O8 3.24 3.00 3.00 1.00 2.60 3.22 
design 
Radio frequency ampli- 2.00 2.57 1.50 3-00 3.25 1.83 2.57 2.80 2.78 2.92 2.32 3.33 3.00 1.00 2.80 3.44 
fiers 
Vacuum tube circuit 2,00 2.29 3-00 2.00 2,62 I.67 3.14 2.00 2.94 2,50 2,64 3,00 2.5O 1.00 2,60 3.22 
design 
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Table 52 (Continued.) 
Topic I II III IV V VI VII VIII IX X 
Transistor design 1.33 1.57 1.00 1.50 2.25 1.67 2.29 2.20 2.11 2.3 
FM modulation 1.67 1.71 1.50 1.50 2.62 1.33 2.14 2.00 2.28 2.4 
AM modulation 1.67 1.86 1.50 1.50 2.62 1.50 2.00 1.80 2.28 2.4 
Antennas and antenna 
systems 
1.00 1.43 2.00 1.50 1.75 1.17 1.43 1.20 1.72 2.3 
Wave guides 1.00 1.29 1.00 1.00 1.62 1.17 1.43 1.20 1.72 1.6 
N 3 7 2 2 8 6 7 5 18 12 
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III IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
1.00 1.50 2.25 1.67 2.29 2.20 2.11 2.33 2.40 2.67 3.00 1.00 2.40 3.33 
1.50 1.50 2.62 1.33 2.14 2.00 2.28 2.42 1.92 3.33 2.00 1.00 2.60 2.22 
1.50 1.50 2.62 1.50 2.00 1.80 2.28 2.42 1.88 3.33 2.00 1.00 2.60 2.22 
2.00 1.50 1.75 1.17 1.43 1.20 1.72 2.33 1.72 3.00 2.50 1.00 2.00 1.89 
1.00 1.00 1,62 1.17 1.43 1.20 1.72 1.67 1.56 2.33 1.00 1.00 2.00 1.89 
2 2 8 6 7 5 18 12 25 3 2 1 5 9 
123 
Table 52 (Continued) 
Topic I II III IV V VI VII VIII n X n XII XIII XIV XV XVI 
Transistor design 1.33 1.57 1.00 1.50 2.25 1.67 2.29 2.20 2.11 2.33 2.40 2.67 3.00 1.00 2.40 3.33 
PM modulation 1.67 1.71 1.50 1.50 2.62 1.33 2.14 2.00 2.28 2.42 1.92 3.33 2.00 1.00 2.60 2.22 
AM modulation 1.67 1.86 1.50 1.50 2.62 1.50 2.00 1.80 2.28 2.42 1.88 3.33 2.00 1.00 2.60 2.22 
Antennas and antenna 
systems 
1,00 1.43 2.00 1.50 1.75 1.17 1.43 1.20 1.72 2.33 1.72 3.00 2.50 1.00 2.00 1.89 
Wave guides 1.00 1.29 LOO 1.00 1.62 1.17 1.43 1.20 1.72 1.67 L56 ro
 
1.00 1.00 2.00 1.89 
N 3 7 2 2 8 6 7 5 18 12 25 3 2 1 5 9 
12k 
Table 53- Importance of use and repair of test equipment for electronic technic 
Topic I II III IV V VI VII VIII DC 
A-C and d-c voltmeters 3.67 4.71 5.00 5.00 4.62 3.67 4.29 3.40 3.80 
A-C and d-c ammeters 3.67 4.71 5.00 5.00 4.62 3.67 4.29 3.40 3.80 
Ohmmeters 3.33 4.57 5.00 5.00 4.38 3.17 4.43 3.40 3.72 
Wattmeters 3.67 4.71 4.50 1.50 4.62 3.33 4.14 3.00 3.39 
Vacuum tube voltmeters 2.33 3.86 5.00 2.00 3.37 2.83 3.86 3.40 3.44 
Oscilloscopes 2.33 3.57 4.50 3.00 3.37 2.50 3.71 3.00 3.44 
Tube and transistor 
testors 
1.00 3.57 5.00 4.50 3.37 2.33 3.57 2.80 3.28 
D-C bridges 2.00 3.71 4.50 3.00 3.75 2.50 3.57 3.20 3.17 
Counters 1.33 3.57 3.00 4.00 3.37 2.33 3.57 2.60 3.33 
A-C bridges 1.00 3.14 4.50 3.00 2.75 1.67 3.00 1.80 2.72 
Voltage and current 2.00 3.29 3.50 2.00 2.75 1.83 3.68 2.40 2.67 
standardizing 
equipment 
Signal generators below 2.00 2.14 2.50 3-00 2.75 1.6? 2.42 2.20 
microwave frequen­
cies 
Wave form generators 2.00 2.14 2.00 2.00 2.50 1.67 2.14 2.00 2.33 
Function generators 1.00 2.14 3.00 1.50 2.75 1.67 1.71 2.00 2.33 
Modulators and 
demodulators 
1.00 2.14 3.50 1.50 2.00 1.50 2.00 1.60 2.33 
Q, meters 1.00 1.71 2.00 3.00 1.88 1.33 1.86 1.60 2.06 
Frequency analyzers 1.00 1.57 1.50 2.00 2.12 1.17 1.86 2.00 2.22 
Ratiometers 1.00 2.14 1.00 1.50 2.00 1.17 2.14 1.60 . 2.28 
Field strength meters 1.00 1.57 2.50 2.50 2.12 1.17 1.86 1.80 2.22 
Precision frequency 1.00 1.43 1.50 3.00 1.88 1.33 2.43 1.40 2.06 
measuring equipment 
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)air of test equipment for electronic technicians by merged area 
III IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
5.00 5.00 4.62 3.67 4.29 3.40 3.80 4.58 4.08 4.67 4.50 4.00 4.60 4.56 
5.00 5.00 4.62 3.67 4.29 3.40 3.80 4.58 4.00 4.67 4.50 4.00 4.60 4.56 





4.50 1.50 4.62 3.33 4.14 3.00 3.39 4.00 3.64 4.00 3.50 1.00 4.20 4.11 
5.00 2.00 3.37 2.83 3.86 3.40 3.44 4.08 3.56 4.67 4.50 1.00 4.00 4.44 
4.50 3.00 3.37 2.50 3.71 3.00 3.44 4.00 3.28 4.67 3.50 1.00 2.80 4.22 
5.00 4.50 3.37 2.33 3.57 2.80 3.28 3.75 3.24 3.33 3.00 1.00 3.20 00
 
4.50 3.00 3 .75 2.50 3.57 3.20 
CO 3.08 3.20 4.33 4.50 1.00 3.40 
CO CO 
3.00 4.00 3 .37 2.33 3.57 2.60 3.33 3.42 3.24 2.67 4.50 1.00 3.00 
1—{ 1—1 
4.50 3.00 2 .75 1.67 3.00 1.80 2.72 2.92 2.60 4.00 4.50 1.00 2.40 3.67 
3.50 2.00 2 .75 1.83 3.68 2.40 
OJ 2.50 2.52 3.33 2.00 1.00 3.00 3.78 
2.50 3-00 2.75 1.67 2.42 2.20 2.50 2.83 2.40 4.00 3.00 1.00 2.20 3.33 
2.00 2.00 2.50 1.67 2.14 2.00 2.33 2.42 2.08 2.67 3. ,00 1.00 
0
 
CM CM 3.11 
3.00 1.50 2.75 1.67 1.71 2.00 2.33 2.33 2.08 2.67 3. ,00 1.00 2.20 2.89 
3.50 1.50 2.00 1.50 2.00 1.60 2.33 2.25 2.00 2.67 3. ,00 1.00 2.40 2.22 
2.00 3.00 1.88 1.33 1.86 1.60 2.06 2.42 1.88 4.00 3. ,00 1.00 1.80 2.33 
1.50 2.00 2.12 1.17 1.86 2.00 2.22 1.92 1.96 2.67 2. ,50 1.00 2.20 2.67 
1.00 1.50 2.00 1.17 2.14 1.60 - 2.28 2.08 2.04 2.67 3. ,00 1.00 2.00 1.89 
2.50 2.50 2.12 1.17 1.86 1.80 2.22 2.25 1.92 2.67 3. ,00 1.00 2.40 1.44 
1.50 3.00 1.88 1.33 2.43 1.40 2.06 2.00 1.92 3.33 2. ,00 1.00 2.00 
CM 
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Table 53- Importance of use and repair of test equipment for electronic technicians by merged area 
Topic I II III IV V VI VII VIII n X XI XII XIII XIV XV XVI 
A-C and d-c voltmeters 3.67 4.71 5.00 5.00 4.62 3.67 4.29 3.40 3.80 4.58 4.08 4.67 4.50 4.00 4.60 4.56 
A-C and d-c ammeters 3.67 4.71 5.00 5.00 4.62 3.67 4.29 3.40 3.80 4.58 4.00 4.67 4.50 4.00 4.60 4.56 
Ohmmeters 3.33 4.57 5.00 5.00 4.38 3.17 4.43 3.40 3.72 4.50 3.84 4.67 4.50 1.00 3.80 4.67 
Wattmeters 3.67 4.71 4.50 1.50 4.62 3.33 4.14 3.00 3.39 4.00 3.64 4.00 3.50 1.00 4.20 4.11 
Vacuum tube voltmeters 2^3 3.86 5.00 2.00 3.37 2.83 3.86 3.40 3.44 4.08 3.56 4.67 4.50 1.00 4.00 4.44 
Oscilloscopes 2J3 3.57 4.50 3.00 3.37 2.50 3.71 3.00 3.44 4.00 3.28 4.67 3.50 1,00 2.80 4,22 
Tube and transistor 
testors 
1.00 3.57 5.00 4.50 3.37 2.33 3.57 2.80 3.28 3.75 3.24 3^3 3.00 1.00 3.20 4.78 
D-C bridges 2.00 3.71 4.50 3.00 3.75 2.50 3.57 3.20 3.17 3.08 3^0 4.33 4.50 1.00 3.40 4.33 
Counters 1.33 3.57 3.00 4.00 3.37 2J3 3.57 2.60 3.33 3.42 },24 2X% 4.50 1,00 3.00 4.11 
A-C bridges LOO 3.14 4.50 3.00 2.75 1.67 3.00 1.80 2.72 2.92 2.60 4.00 4.50 1.00 2.40 3.67 
Voltage and current 
standardizing 
equipment 
2.00 3.29 3.50 2.00 2.75 1.83 3.68 2.40 2.67 2.50 2.52 3.33 2.00 1.00 3.00 3.78 
Signal generators below 2.00 
microwave frequen­
cies 
2.14 2.50 3.00 2.75 1.67 2.42 2.20 2.50 2.83 2.40 4.00 3.00 1.00 2.20 3.33 
Wave form generators 2.00 2.14 2.00 2.00 2.50 1.67 2.14 2.00 2.33 2.42 2.08 2.67 3.00 1.00 2.20 3.11 
Function generators 1.00 2.14 3.00 1.50 2.75 1,67 1,71 2.00 2.33 2.33 2.08 2.67 3.00 1.00 2.20 2.89 
Modulators and 
demodulators 
1.00 2.14 3^0 l.$0 2.00 1.50 2.00 1.60 2.33 2.25 2.00 2.67 3.00 1.00 2.40 2.22 
Q meters 1.00 1.71 2.00 3.00 1.88 1.33 1.86 1.60 2.06 2.42 1.88 4.00 3.00 1.00 1.80 2.33 
Frequency analyzers 1.00 1.57 1.50 2.00 2.12 1.17 1.86 2.00 2.22 1.92 1.96 2.67 2.50 LOO 2.20 2.67 
Eatioiaeters 1.00 2.14 1.00 1.50 2.00 1.17 2.14 1.60 . • 2.28 2.08 2.04 2,67 3.00 1.00 2.00 1.89 
Field strength meters 1.00 1.57 2.50 2.50 2.12 1.17 1.86 1.80 2.22 2.25 1.92 2.67 3.00 1.00 2.40 1.44 
Precision frequency 
measuring equipment 
1.00 1.43 1.50 3.00 1.88 1.33 2.43 1.40 2.06 2.00 1.92 3.33 2.00 1.00 2.00 2.44 
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Table 53 (Continued) 
Topic I II III IV V VI VII VIII IX X 
Pulse analyzers 1.00 1.57 1.50 2.50 1.75 1.17 1.86 1.60 2.11 1.9 
Distortion analyzers 1.00 1.43 1.50 1.00 1.88 1.17 1.71 1.80 2.11 2.3 
Variable freq.uency 
bypass 
1.00 1.29 2.00 1.50 1.62 1.17 1.86 1.40 2.06,1.5 
Microwave signal 
generators 
1.67 1.71 1.50 1.00 2.00 1.17 1.86 1.60 2.00 l.S 
Shorting stubs and other 1.00 
wave guide loads 
1.43 1.00 1.00 1.50 1.17 1.57 i.4o 1.94 1.1 
Interpolation 
oscillators 
1.00 1.29 1.00 1.00 1.62 1.17 1.43 1.1+0 1.89 1/ 
3 7 2 2 
-§ 6 7 5 18 1: 
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III IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
1.50 2.50 1.75 1.17 1.86 1.60 2.11 1.92 2.04 2.67 1.00 1.00 2.00 1.89 
1.50 1.00 1.88 1.17 1.71 1.80 2.11 2.33 1.76 3.00 2.50 1.00 1.80 2.00 
2.00 1.50 1.62 1.17 1.86 1.40 2.06,1.92 1.84 2.67 2.50 1.00 1.80 1.22 
1.50 1.00 2.00 1.17 1.86 1.60 2.00 1.92 1.88 2.67 1.00 1.00 1.40 2.00 
1.00 1.00 1.50 1.17 1.57 1.40 1.94 1.75 1.72 2.67 1.00 1.00 1.80 1.56 
1.00 1.00 1.62 1.17 1.43 1.40 1.89 1.75 1.76 2.67 1.00 1.00 1.80 1.22-
2 2 
-§ 6 7 5 18 12 25 3 2 1 5 9 
125 
Table 53 (Continued) 
Topic I II III IV V VI VII VIII IX X XI XII XIII XIV XV XVI 
Pulse analyzers 1.00 1.57 1.50 2.50 1.75 1.17 1.86 1.60 2.11 1.92 2.04 2.67 1.00 1.00 2.00 1.89 
Distortion analyzers 1.00 1A3 1.50 LOO 1.88 1.17 1.71 L80 2.11 2.33 1.76 3.00 2.50 1.00 1.80 2.00 
Variable frequency 
bypass 
1.00 1.29 2.00 1.50 1.62 LI7 L86 l.W 2.06 1.92 1.84 2^7 2.50 LOO 1.80 1.22 
Microifave signal 
generators 
1.6? 1.71 1.50 i.OO 2.00 1.17 1.86 1.60 2.00 1,92 1.88 2.67 LOO LOO 1.40 2.00 
Shorting stubs and other 1.00 
wave guide loads 
1A3 1.00 1.00 1.50 1.17 1.57 1.40 1.94 1.75 1.72 2.67 LOO 1.00 1.80 1.56 
Interpolation 
oscillators 
LOO 1.29 LOO 1.00 1.62 1.17 1.43 i.ito 1.89 1.75 1.76 2.67 LOO 1.00 1.80 1.22 
M 3 7 2 2 _8 6 7 5 18 12 25 3 2 1 5 9 
